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With H4CPIUS™ Supplement 

Appendix A-2. H4CPIus^ Series 3.3V/5V Design Considerations (AN1514) 


Appendix A-3. Analog Phase Lock Loop for H4CPIus^ and M5C^^ Series 

Arrays (AN1522) 
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SECTION 1. H4CPIUS™ SERIES PRODUCT PROFILE 


1.1 DESCRIPTION 

The H4CPIUS Series arrays feature 3.3V, 5V and 
mixed-voltage capability, high-speed interfaces, and an 
analog PLL for chip-to-chip clock skew management. 
The gate length has been reduced to 0.65 pm Left to 
provide optimum performance in a mixed-voltage envi¬ 
ronment. 

The low- and mixed-voltage capability lets designers 
customize the H4CPIus arrays to fit power and perfor¬ 
mance needs. All H4CPIus arrays have dual Vqq rails 
with custom power/ground bus tying to power input and 
output buffers for all 3.3V, all 5V or a mix of system volt¬ 
age levels. Additionally, the core of the arrays may be 
powered by either 3.3V or 5V. 

New, high-speed CMTL™, GTL™, and PECL macros 
offer enhanced chIp-to-chip communication. Motorola’s 
CMTL (Current Mode Transceiver Logic™) interface 
enables differential operation up to 400 MHz and up to 
200MHz for single-ended configurations with active ter¬ 
minations. GTL inputs and outputs, and a PECL input Is 
also available for additional Interfacing options. 

Also, new PCI (Peripheral Component Interface) 
compliant I/O buffers are available In 5V and 3.3V ver¬ 
sions. 

Each array may have two Analog PLLs, one embed¬ 
ded into each of two corners of the die, for on-chip clock 
signals up to 125 MHz with only 250ps jitter and in¬ 
cludes on-chip clock synthesis. 

Other design features include metal RAMs, ESSD/ 
LSSD scan macros and JTAG boundary scan macros. 



H4CPIUS Series Features 

• 0.65 pm Leff, channelless, 3-metal gate 
arrays 

• Typical gate delay of 280 ps at 5V and 420 
ps at 3.3V (NAN2, FO=2) 

• Low power, IpW/gate/MHz (3.3V), 3pW/ 
gate/MHz (5V) 

• 3.3V, 5V or mixed system and core voltage 
levels 

• Custom power bus tying and ground bus 
Isolation for special power needs 

• Configurable I/O cell supports 2 to 24 mA, 
up to 48mA using dual I/O cells 

• PCI compliant 5V and 3.3V I/O buffers 

• High-speed CMTL interface 

• GTL I/O and PECL input macros 

• Analog PLL for clocks up to 125MHz 

• JTAG 1149.1 boundary scan 

• ESSD/LSSD scan macros 

• Single-, dual-, and quad-port metal SRAMs 

• Powerful design environment using Mentor 
Graphics’ Falcon, Cadence’s point tools, 
and Motorola design tools 

• OMPAC™ ball-grid array, MicroCool™, and 
PQFP packaging 


Table 1-1 H4CPIus Series Arrays 


Array Name 

Available Gates 

Die Size 
(mils/side) 


I/O Cells 

Package 

Pins 

H4CP028 

28,400 

239 

176 

160 

128-169 

H4CP048 

48,100 

287 

216 

208 

128-225 

H4CP075 

74,520 

337 

256 

256 

128-225 

H4CP109 

109,368 

391 

304 

312 

160-313 

H4CP146 

145,544 

438 

344 

360 

160-313 

H4CP178 

178,000 

476 

376 

400 

160-313 
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1.2 HIGH-PERFORMANCE TECHNOLOGY 

The H4CPIUS Series uses a self-aligned twin tub pro¬ 
cess in which n-type and p-type well implants are driven 
together to form deep, balanced wells to improve short 
n-channel transistor performance, see Figure1-1. A 
lightly doped drain (LDD) diffusion is used to reduce hot 
carrier injection effects caused by a high electric field in 
the short channel transistors. A highly-reliable multi¬ 
layer metal structure is achieved by a planarization 
technique using tapered contacts and vias. 


The combination of a small feature size and a thin 
gate oxide coating provides both high gate density and 
low power dissipation. The typical power dissipation for 
internal gates is only 1pW/gate/MHz at 3.3V and 3|xW/ 
gate/MHz at 5.0V with a load of 0.05 pF (fanout = 1). 



1.2.1 The H4CPIUS Primary Cell 

The primary cell consists of four pairs of n- and p- 
type transistors. The transistors are the same size to 
optimize both gate density and routability. The primary 
cell is used to configure ail H4CPIus Series macrocells. 


Figure1-2 shows half of a primary cell (two p-type and 
two n-type transistors) configured in a 2-input NAND 
gate (NAN2). The typical gate delay for a 2-Input NAND 
with a fanout of 2 Is 280 ps at 5V and 420 ps at 3.3V. 


P-Channel N-Channel 

Transistor Transistors 



VDD VSS 


VDD 



Figure 1-2 2-Input NAND Gate Implemented Within Half of a Primary Cell 
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1.2.2 Triple-Layer Metal Routing 

A triple-layer metal (TLM) structure provides superior 
routing access to configure and connect macrocells 
and distribute power and ground, see Figure1-3. 



Figure 1-3 Triple-Layer Metallization 


One important benefit of TLM routing is improved 
routability for higher gate utilization. TLM also provides 
improved clock distribution by moving the clock signals 
to the top metal layer where the capacitance per unit 
length Is 30% less than the lower metal layers due to a 
thicker dielectric layer. In addition, TLM reduces Inter¬ 
connect delays typically by 10% with shorter Intercon¬ 
nect lengths and Improves power distribution. 

• Gate Ensemble^ Place and Route 

The design of the routing layers is accomplished with 
Cadence’s Gate Ensemble place and route system. 
Some of Gate Ensemble's capabilities Include timing 
driven layout (net and path constrained), soft/firm 
grouping of macros, clock-tree synthesis, incremental 
layout changes, and highly accurate distributed RC cal¬ 
culations. In addition, the power-bus router automati¬ 
cally uses single-, double-, or quadruple-width power 
tracks to optimize performance while minimizing spent 
routing channels where needed. 

• PrediX™ Floorplanning 

PrediX is Motorola’s patented floorplanning and 
routability analysis tool that enables designers to pre¬ 
dict and Improve routing congestion especially In com¬ 
plex circuits. PrediX Is easy to use and interfaces with 
Gate Ensemble to assure the desired results in layout 
and timing. 


1.3 THE H4CPIUS SERIES LIBRARY 

The H4CPIUS Series library is an optimized set of 
macros containing a complete suite of I/O functions, 
combinatorial and sequential functions. Many basic 
logic functions come in several versions Including stan- 
dard/hlgh-drive capacity and scan/non-scan to provide 
you with the widest choice of functions. 

1.3.1 I/O Functions 

The H4CPIUS Series I/O cells, see Figure1-4, are 
configurable into inputs, outputs, bidirectionals, oscilla¬ 
tors, JTAG I/O, CMTL, GTL, and PECL interfaces. The 
standard CMOS, TTL, slew control, 3-state, open-drain 
and Schmitt-trigger I/O functions are available as well. 
The I/O cell also provides pull-up and pull-down resis¬ 
tors, active terminations for CMTL, voltage translation 
between 3.3V and 5V levels, and power and ground 
connections. 

• 3.3V, 5V and Mixed-Voltage I/O 

The I/O cell can support any combination of 3.3V and 
5V in system and core voltage requirements. This is ac¬ 
complished with a voltage translator to translate be¬ 
tween logic levels based on the system and core 


voltages, see Flgure1-4. 



Low-voltage Interfaces are important in systems 
requiring low-power since most of the power dissi¬ 
pated in ICs occurs in the outputs. However, perfor¬ 
mance is usually sacrificed for lower power. The 
H4CPIUS Series I/O offers all combinations of system 
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and core voltage levels to meet power and perfor¬ 
mance goals. For example, the ONL8 is a 12mA out¬ 
put for a 3.3V/3.3V (3.3V core with 3.3V Input/Output. 
It’s power dissipation is about 56% less than the 5V/5V 
ON8 output, but It Is 41% slower at lOOpF, see 
Figure1-5. The ONLX8 (3.3V/5V) and the ONX8 (5V/ 
3.3V) is moderately slower than the ON8. 



Load (pF) 


Figure 1-5 Performance Comparison of 12mA 
Output Buffers 


• PCi I/O Buffers 

PCI (Peripheral Component Interface) is emerging 
as a new high performance local bus architecture. It Is 
a highly flexible, processor independent architecture 
that has applications in low- to high-end desktop, server 
and low-power, mobile systems. Motorola offers PCI 
compliant 3.3V and 5V I/O buffers to allow connection 
of H4CPIUS arrays to any PCI local bus “speedway”. 

• CMTL Interface 

Motorola’s new Current Mode Transceiver Logic 
(CMTL) buffers provide a low-power alternative to 
high-speed interfaces. On-chip active termination 
allows for the lowest possible power dissipation while 
enhancing the performance. They may also be config¬ 
ured with external 50fli terminations in bi-directional or 
PECL applications. The flexibility of this design allows 
simple, direct Interfaces to ECLinPS or other ECL-level 
chips operating in a PECL environment with standard 
terminations. 


Applications for CMTL range from video to telecom¬ 
munications to tightly-coupled processor/cache inter¬ 
faces. I/O pair delay Is less than 2ns worst-case. 
Systems are no longer limited by slow buffers for criti¬ 
cal chip-to-chip paths. 

• GTL Interface 

GTL is able to drive system backplanes while still oc¬ 
cupying only a single I/O site for 50Q and two sites for 
25Q. This licensed implementation provides a high-per¬ 
formance bus interface driver for use in RISC/CISC 
processor applications at system bus speeds well In ex¬ 
cess of 50MHz. 

• PECL Input Buffer 

Standard Pseudo ECL voltage inputs created by 
ECL logic functions or special clock control and distri¬ 
bution chips can be brought directly into the chip in 
either differential or single-ended configurations. 

• JTAG Boundary Scan I/O 

The H4CPIUS Series I/O cell has JTAG logic built-in 
to minimize the Impact on performance and gate over¬ 
head. Also, the JTAG control and scan data signals be¬ 
tween I/Os are connected automatically by design. 

• Selectable Output Drive 

Up to 24 mA is available from a single I/O cell, two 
cells may be paralleled for up to 48 mA drive from a sin¬ 
gle output pin. (All JTAG outputs and bidirectionals are 
not parallelable, but have higher current capacity ver¬ 
sions available.) Unused output drivers may also be 
used to drive highly loaded internal signals such as 
clock networks. 

• Slew Rate Control 

Slew rate control outputs are available to reduce sys¬ 
tem SSO noise as well as over-shoot and undershoot 
of output signals caused by fast rise and fall times. All 
4 and 8 mA output buffers have a moderate (10%) and 
slow (30%) slew control version. 

• Oscillators 

Three different oscillator I/O macros are available on 
the H4CPIUS Series arrays: non-inverting buffer, clock 
buffer, and Schmitt trigger versions. These macros can 
be configured for ceramic resonators from 32 KHz to 
above 60 MHz with quartz crystals. Please see Section 
3.3.5 for details on using these oscillator I/O macros. 
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1.3.2 Macrocells 

The mature H4C Series library has been optimized to 
a set of the most popular and efficient functions, Includ¬ 
ing several new scan macros, for the H4CPIus library. 
All H4CPIUS macrocells have been characterized at 
typical operating conditions for 3.3V and 5.0V operation 
for the highest modelling accuracy. A summary of avail¬ 
able macrocell types is shown in Table 1-2. 


Table 1-2 Summary of Macrocells 


Library Functions 

Macros 

AND 

7 

NAND 

11 

OR 

7 

NOR 

11 

EXOR 

3 

EXNOR 

2 

A/N, A/0,0/N, 0/A 

22 

Inverting Buffer 

9 

Non-Inverting Buffer 

8 

3-State Buffer 

8 

D Flip-Flop 

21 

Latch 

11 

Multiplexer 

13 

Decoder 

4 

Arithmetic 

9 

Misc. 

5 


Several types of macrocells come In high-drive, bal¬ 
anced slew-rate, or complementary output versions. 
High-drive versions provide improved performance on 
nets with high fanouts. Balanced slew rate versions of 
macrocells provide more symmetrical rise and fall slew 
rates with slightly better performance than standard 
macros. For example, Figure1-6 shows the NAN2H at 
3.3V and 5V to have better performance than the bal¬ 
anced and standard-drive NAN2. 


Table 1-3 Summary of Special Functions 


Spedaf Function 

Macros 

Metallized SRAMs 

24 

Analog PLL 

1 

Internal JTAG 

6 


• Metallized SRAMs 

The metal SRAMs are a family of asynchronous sin¬ 
gle, dual, and quad-port blocks up to 2304 bits. These 
RAMs are gate array based (not diffused), and are an 
excellent choice for small memory block applications 
such as “scratch-pads” or FIFOs. 


Table 1-4 Sizes of Metallized SRAMs 


H4CPIUS Series Metallized SRAM Stzes 

Single-Port 

Dual-Port 


8x8 

8x9 

16x18 

8x18 

8x18 

16x36 

16x8 

8x36 

32x18 

16x18 

8x72 

32x36 

16x36 

16x9 


32x8 

16x18 


32x18 

16x36 


32x36 

16x72 


64x18 

32x9 


64x36 

32x18 



32x36 



32x72 




Figure 1-6 Performance of NAN2 Macros 
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1.4 SPECIAL DESIGN FEATURES 

The H4CPIUS Series offers solutions to many of to¬ 
day's design problems. Increasing application com¬ 
plexities place higher demands on performance, clock 
skew management, testability, I/O capability and work¬ 
station based design environments. This section de¬ 
scribes some of the special features of the H4CPIus 
Series that provide solutions to these problems. 

1.4.1 Design for Testability 

The time and cost to test an ASIC increases expo¬ 
nentially as the complexity and size of the ASIC grows. 
Using a design for test (DPT) methodology allows large, 
complex ASICs to be efficiently and economically test¬ 
ed. 

Motorola supports several DFT methodologies. In¬ 
cluding ESSD/LSSD scan and JTAG boundary scan 

• ESSD/LSSD Scan 

Motorola offers Edge Sensitive Scan Design and 
Level Sensitive Scan Design (ESSD/LSSD) versions of 
flip-flops, latches and other functions in the H4CPIus 
Series library. 

• JTAG Boundary Scan 

Motorola’s JTAG I/O and JTAG control macrocells 
are designed to conform to the IEEE 1149.1 JTAG 
boundary scan specification. The JTAG I/O macrocells 
are designed to optimize performance and minimize sil¬ 
icon overhead by embedding all sequential and multi¬ 
plexing logic within the I/O sites of the array. 


1.4.2 Clock Distribution and Management 

ASICs are becoming an integral part of system de¬ 
sign and are regularly found interfacing with multiple 
chips including other ASICs, microprocessors and 
memories. Optimizing performance of such systems 
rests on maximizing communication between chips us¬ 
ing synchronous Interfaces. Clock skew control and 
distribution, both on-chip and between chips, is of criti¬ 
cal importance.The Motorola solution to clock manage¬ 
ment is to use the clock tree to control skew on-chip 
and an analog PLL to control clock skew between 
ASICs. 

• Clock Distribution 

Motorola offers clock tree synthesis during layout to 
build balanced clock distribution networks or clock 
trees. Clock trees are load-balanced networks that syn¬ 
chronizes clock signals for all on-chip sequential ele¬ 
ments. Clock trees have a minimal effect on design 
routabiiity, critical data paths, timing driven layout and 
floorplanning. 

• Anaiog Phase Locked Loop 

Motorola’s analog PLL (APLL) may be used to syn¬ 
chronize multiple ASICs up to 125MHz (VCO/2). The 
APLL is an embedded function and requires 6 (CMOS) 
or 7 (PECL) pins for VCO control, reference frequency, 
test, and power signals (see Section 3.8). No external 
filters are needed. 

An APLL is diffused Into two opposite corners of all 
H4CPIUS arrays. No area within the core of the array Is 
used so the APLL does not reduce the total gate count. 
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SECTION 2. THE OPEN ARCHITECTURE CAD SYSTEM 


2.1 INTRODUCTION 

Motorola is in partnership with several leading CAD/ 
CAE vendors to integrate the best design tools in the in¬ 
dustry into one system. In many cases, Motorola has 
been Instrumental in the definition and refining of key 
third-party design tools. 

To satisfy specific CAD requirements, Motorola has 
developed several design tools to perform netlisting 
and translation, rule checking, delay and timing calcu¬ 
lation, fault grading and automatic test pattern genera¬ 
tion, floorplanning, test vector analysis and processing. 

This section briefly describes Motorola’s OACS ASIC 
design system and design options. 

2.2 THE OPEN ARCHITECHTURE CAD 
SYSTEM 

The Open Architecture CAD System (OACS) offers 
a highly versatile and powerful design environment for 
the design of Motorola’s H4CPIus, H4C Series, and 
HDC Series CMOS arrays. The system Integrates sev- 


Open Archilecture 
CAD System 

eral of the Industry's most powerful design tools with 
Motorola's high-performance tools Into a standard EDIF 
based CAD environment. The release of this Design 
Reference Guide corresponds to the release of two ma¬ 
jor versions of OACS: OACS 2.3 and OACS 3.15M. 

OACS 2.3 is Motorola’s point tool CAE solution 
based on Cadence’s Concept™ schematic editor, Syn- 
opsys’ synthesis tools, and Cadence’s Verilog™ logic 
simulator. 

OACS 3.15M is Motorola’s framework based CAE 
solution using Mentor Graphics’ Falcon™ Framework. 
This solution provides support of Mentor Graphics’ de¬ 
sign entry tools and QuickSim II logic simulation. 

The following sections will discuss the OACS design 
flow and how each solution fits into the flow. 


OACS 2.3 and 3.15M Features 

• EDIF 2.0.0 backplane to provide an open design environment 

• Supports the following third-party design tools: 

• Synopsys’ Design Compiler™, DesIgnWare™, HDL Compiler™ and Test Compiler™ (optional) 

• Cadence’s Concept™ schematic capture (2.3) 

• Cadence’s Verilog XL™ simulator and Veritime™ static timing analysis (2.3) 

• Quad Design’s MOTIVE® static timing analysis (optional) (2.3) 

• Mentor Graphics’ schematic capture Design Architect 

• Mentor Graphics’ FALCON™ FRAMEWORK (3.15M) 

• Mentor Graphics’ QUICKSIM II™ simulator and QUICKPATH™ static timing analysis (3.15M) 

• Mentor Graphics’ AutoLogIc™ design synthesis tool (3.15M) 

• Motorola design tools: 

• DECAL™ delay calculator 

• Felix™ diffused SRAM compiler (opttonal) 

• Mustang™ automatic test pattern generation (optional) 

• TestPAS™ test vector validation and extraction 

• ERC and MARV comprehensive electrical and manufacturing rules checking 

• PrediX™ floorplanning, routability prediction, and placement tool (optional) 

• Testability support: ESSD/LSSD scan, JTAG boundary scan, BIST, and scan synthesis 

• Sophisticated delay and timing limits calculations for accurate simulation and timing analysis 

• Estimated and actual (back-annotated) wire capacitances 

• Includes Intrinsic, rise/fall time, output pin loading and distributed RC delays 

• Continuous process, temperature, and voltage variation 

• Clock skew management: clock-tree synthesis, PLL, timing driven layout 

• Supports multiple technologies: HDCMOS, H4C, H4C-CDA-1C, H4CPIus 

• Supported on HP9000/7XX and SUN 4 Sparc® workstations 


H4CPIUS Series Design Reference Guide 


MOTOROLA 

2-1 









OACS 


2.3 THE OACS DESIGN FLOW 

From the conception of a design to Its fabrication, the 
OACS design flow is accurate, efficient, and flexible. 
The design flow has three basic phases (see Figure 2- 
1): design capture and verification, physical design, 
and post-layout design verification. 

2.3.1 Design Capture and Verification 

• Building the Design Directory 

The first step Is to build the OACS design directory 
structure using CREATE_BLOCK. The directory struc¬ 
ture is created automatically in seconds, specific com¬ 
pany and design related information is entered for 
DESIGN JNFO. 

• Design Capture and Synthesis 

Next, there Is a choice of either schematic capture or 
logic synthesis to enter the design into the OACS envi¬ 
ronment. The design can be entered in schematic form 
using either Mentor Graphics’ DESIGN ARCHITECT 
design entry tool or Cadence’s Concept schematic edi¬ 
tor. if synthesis is used, the design can be described in 
Veriiog hardware description language, industry stan¬ 
dard VHDL, or truth tables for Input to Synopsys’ syn¬ 
thesis tools. Based on the OACS version being used, 


Synopsys either transfers the design to Mentor Graph¬ 
ics’ EDDM database via Synopsys’ Falcon Integrator™ 
or creates a basic EDIF netlist which specifies the Mo¬ 
torola macrocells and describes their connectivity In the 
design. In the latter case, EDIFMERGE processes this 
basic EDIF netlist to include additional information such 
as cell properties and package pin assignments. The 
design VHDL description can also be input to Mentor 
Graphics’ AutoLogic for design compilation and EDDM 
database creation. 

If the design requires memories they can be selected 
from several single-, dual-, and quad-port SRAMs In the 
H4CPIUS Series library. 

• Netlist Generation 

NETLIST accepts schematic data or an EDIF netlist 
from EDIFMERGE to translate designs into an EDIF 
netlist, Veriiog netlist, control files, and templates of 
other necessary files as needed by each of the OACS 
versions. 

• Netlist Verification 

After the EDIF netlist is ready, ERC scans the netlist 
and checks for violations In connection, I/O, and pack¬ 
age pin rules. 


Table 2-1 OACS DESIGN TOOLS 


OACS Tools 


CREATE_BLOCK 

Creates OACS design directory and invokes DESIGN_INFO 

DESIGNJNFO 

Collects design-specific information 

DESIGN ARCHITECT 

Invokes Mentor's DESIGN ARCHITECT design entry tool 

ASIC^CONCEPT 

Invokes Cadence’s Concept schematic capture tool 

SYNOPSYS 

Invokes Synopsys logic compiler 

EDIFMERGE 

Appends Motorola specific properties to Synopsys connected EDIF netlist 

NETLIST 

Creates netlists and control files from schematic or EDIF descriptions 

ERC 

Checks netlist for violations 

DECAL 

Calculates delay and timing data 

QUICKSIM 11 

Invokes Mentor Graphics’ QuickSim II simulator 

ASIC^VERILOG 

Invokes Cadence’s Veriiog simulator 

QUICKPATH 

Invokes Mentor Graphics’ QuickPath Static timing analysis tool 

ASIC VERITIME 

Invokes Cadence’s Veritime static timing analysis tool 

MUSTANG 

Fault detection and automatic test pattern generation 

MOTIVE 

Quad Design timing analysis tool 

TestPAS 

Test vector merging and verification 

ASIC.ORV 

Checks data file and tool run sequence 

ASIC_RELEASE 

Automatically writes design data to tape 

PrediX 

Motorola’s floorplanning and routabillty prediction tool 
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CREATE_BLOCK- Initialize Design| 


DESIGNJNFO - Collect Data 


Behavioral Description 


I Verilog/QuickSim II - Behavioral Simulation | 


Synopsys - Logic/Test Synthesis"! | AutoLogic - Logic/Test Synthesis 


EDiFMERGE - Netlist Translation | | Falcon Integrator - Design Translation! 


I ASIC.CONCEPT -Cadence Schematic 


I Design Architect - Mentor Schema^ 


Mentor EDDM Database 


\ NETLIST - Netlists & Control Files | 
EDIF& Verllog Netlists, Control Files J 

I ERC - Electrical Rules Checking T| 


ERC - Electrical Rules Checking 
Creates Netlist if required 


Verllog - Functional Simulation 


QuIckSIm II • Functional Simulation I 




Estimated Metal Lengths end Capacitances 


I^^^^^^^DECAL^^nate^ir^^ 

Estimated Timing Data ^ 

IVerllog - Estimated Timing Simulation I 




Estimated Metal Lengths and Capacitances 


SuickSim II - Estimated Timing Simulation! 

Invokes TimeBase I 


Veriflme/M0nVE Analv; 




* fimmg 


TestPAS -Test Pattern Processing | 

I Verified Test Pattern 

ASIC.RELEASE • Release Files 





Figure 2-1 OACS Design Flow 
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• Pre-Layout Simulation and Timing Analysis 

Before releasing designs for layout best and worst- 

case simulations must be performed using Verilog or 
QuickSim II. For OACS 2.3, DECAL calculates delay 
and timing data based on intrinsic delays, net and gate 
loading, slew rate effects, and net RC delays. For 
OACS 3.15M, TimeBase™ (Mentor Graphics’ Central 
Delay Calculator) is invoked by QuickSim li to calculate 
the delay and timing data based on the same informa¬ 
tion as DECAL. 

• Static Timing Analysis 

Static timing analysis is optional and is supported on 
Mentor Graphics’ QuickPath, Cadence’s Veritime, and 
Quad Design’s MOTIVE. Also, automatic test pattern 
generation and fault grading is available on Motorola’s 
Mustang tool. 

• Test Vector Processing 

TestPAS is a system of tools that process your sim¬ 
ulation and scan test vectors into vectors that are com¬ 
patible with automatic IC test equipment. 

2.3.2 Physical Design 

• Floorplanning and Placement 

Prior to release, designer’s may elect to floorplan 
their design to optimize for density or performance. Pre- 
diX, Motorola’s floorplanning tool, allows experimenta¬ 
tion with various floorplans to achieve gate density and 
performance goals. In addition, the designer may elect 
to use PrediX to place design components onto the 
base array to improve the accuracy of the pre-route de¬ 
lay estimation. 

• Routability Prediction 

A Unique feature in PrediX is it’s patented routability 
prediction capabilities. PrediX, void of floorplan and/or 


placement information, will give the designer immedi¬ 
ate insight into the designs routability 
• Place and Route 

Physical design is performed by Motorola's Option 
Development Engineers (ODE). An ODE is dedicated 
to each option and works directly with designers to sat¬ 
isfy layout requirements. Options such as timing driven 
layout and clock tree synthesis are available to optimize 
silicon performance. Upon completion of the physical 
design, back-annotation data of actual wire routing 
lengths and RC parasitics are provided for post-layout 
verification and simulation. 

2.3.3 Post-Layout Design Verification 

The post-layout design verification is performed by 
the customer to assure that the physical layout of the 
design satisfies all performance and timing require¬ 
ments. Post-layout simulations use the actual wire 
lengths and RC parasitics obtained from the physical 
layout to provide simulations that represent the circuit's 
behavior in silicon. Following a successful post-layout 
design verification and customer sign-off. Motorola be¬ 
gins manufacturing of the ASIC design. 

2.4 OACS TECHNICAL SUPPORT 

Motorola produces a complete set of manuals and 
provides direct access to technical assistance to sup¬ 
port the OACS tools. 

Accompanying the OACS software are five manuals 
which provide all the Information needed to complete a 
successful ASIC design. 

Motorola also offers on-line technical assistance 
from several regional design centers (RDCs) and CAD 
applications engineers to handle any problems. The 
RDC engineers are fully trained in the OACS software 
and third-party tools as well as in ASIC design. 



Figure 2-2 OACS 2.3 and 3.15M Documentation 
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SECTION 3. DESIGN CONSIDERATIONS 


3.1 INTRODUCTION 

This chapter describes the special features and de¬ 
sign considerations of the H4CPIus Series arrays In¬ 
cluding I/O macros, power and ground requirements, 
power estimation, delay calculations, metallized 
SRAMs, and operation and use of the analog PLL. 
Where applicable, supporting documents such as ap¬ 
plication notes are cited for additional information. 

3.2 GENERAL DESIGN INFORMATION 

Core macro cells may be powered by either of the 
two basic supply voltages 3.3 V or 5.0 V. There Is no 
core power segmentation. All core macro cells are fully 
characterized at both voltages. Core macros use the 
same name for both voltages, for example, a two-input 
“AND” gate would use the macro name, AND2, regard¬ 
less of the selected supply voltage. I/O macros all have 
unique names. Not all I/O macros can be used with a 
single core voltage. When a core voltage is selected, a 
library containing the appropriate set of core macro 
switching characteristics is selected and the appropri¬ 
ate subset of I/O macros is then available for use. For 
a 5.0 V core (4.0-5.5 V), the library Is H4CP5; for a 

3.3 V core (2.7-4.0 V). the library Is H4CP3. 

For mixed voltage designs, the recommended pow¬ 
ering sequence is to always activate or deactivate the 
highest voltage supply first for turning on or off the ASIC 
respectively. 

3.3 H4CPIUS SERIES I/O MACROS 

This section describes the I/O cell and Its various 
configurations as input, output, bidirectional, system In¬ 
terconnect, and oscillator macrocells. Included are de¬ 
sign rules for I/O macros and oscillator pin placement. 

The I/O cells provide all possible signal translation 
between mixed 3.3 V and 5.0 V systems. Input cells are 
powered from the core supply (VDD) independent of 
the input signal swing. Each output cell may be pow¬ 
ered with either 3.3 V or 5.0 V independent of the core 
power supply. 

The I/O cells that encircle the gate array core are de¬ 
signed to be highly-flexible and configurable into nu¬ 
merous I/O macro combinations. Each I/O cell contains 
input and output drivers, pull-resistors, ESD protection 
diodes and JTAG circuitry (see Figure 3-1). 


I/O Cell Configurations: 

• Inputs; Standard CMOS and TTL, Schmitt trig¬ 
ger, and high-drive macros 

• Outputs: Standard CMOS and TTL, 3-state, and 
open-drain In 3 to 48 mA drive capacities 

• Bidirectionals: all standard I/O types 

• System Interconnect: CMTL I/O’s, GTL I/O’s, 
PCI I/O’s and PECL inputs (see Section 3.3.4) 

• JTAG boundary scan I/O macros 

• Oscillator macrocells 

• Power and ground sites 

• ENID (enable IDD) test pin (see Section 3.4.7) 


Configurable Output 



ESD Diodes-^ \ Configurable Input 

Active Terminations —^ 


Figure 3-1 Simpiified Diagram of the H4CPius 
Series i/0 Ceil 


3.3.1 Input Macros 

The various input macro configurations include 
CMOS, TTL, invertIng/non-invertIng, Schmitt trigger, 
and high-drive clock input macros. Table 3-1 lists the 
various types of input macros available. All input 
macros are available In a JTAG version. See Section 5 
Macro Naming Conventions. 

Each input macro symbol, see Figure 3-2, has place 
holders for the input signal name (customer defined) 
and package pin number (also customer defined). 
Three connection ports (PAD, 1C and Dl) are also avail¬ 
able. 
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Table 3-1 H4CPIus Series Input Macros (Non JTAG) 


IniMit 

Syttem 

Logic 

Cwe 

Lo^c 

I 

1 

IHI 

ll 

|i 



3.3V 

3.0V 

3.3V 

SLOV 


■ 


CMOS In 

put Logic I 

ICI 


• 


• 

• 




ICN 


• 


• 


• 



ICNH 


• 


• 



• 


ICXN 


• 

• 



• 



ICXNH 


• 

• 




• 


ILCI 

• 


• 


• 




ILCN 

• 


• 



• 



ILCNH 

• 


• 




• 


ILSN 

• 


• 



• 


• 

ILSNH 

• 


• 




• 

• 

ISN 


• 


• 


• 


• 

ISNH 


• 


• 



• 

• 

ISXN 


• 

• 



• 


• 

ISXNH 


• 

• 




• 

• 

TTL Input Logic | 

ILTXN 

• 



• 


• 



ILTXNH 

• 



• 



• 


ITN 


• 


• 


• 



ITNH 


• 


• 



• 


ITSN 


• 


• 


• 


• 

ITSNH 


• 


• 



• 

• 


INPUT SIGNAL MACRO NAME 



Figure 3-2 Example Input Symbol 

The internal pull-resistors can be used to prevent the 
input macros from floating to an unknown state when 
they are not being driven by an external source. When 
selected, a pull-up resistor (about 75K ohms), always 
tied to the core power bus (VDD), is connected to the 
IC port of the input symbol as shown in Figure 3-3, to 
provide a high logic state. A pull-down resistor (about 
35K ohms), always tied to the output ground rail 
(OVSS), may be connected to provide a low logic state. 


Differential input or differential bidirectional pins may 
use pull-resistors. If pull-resistors are used on differen¬ 
tial inputs, two pull-resistors must be used, one pull-up 
on IC and one pull-down on IC2 or the reverse, but not 
one input with a puli-resistor and the other input with no 
pull-resistor. 

Pull-resistors are not meant to replace external pull- 
up or pull-down resistors which are attached to 3-state 
open-drain buses. 


PUL 



Figure 3-3 Example of an Input with a Pull-Up 
Resistor 

All input macros are tied to the core power bus 
(VDD). For a 3.3 V core power bus chip with 3.3 V out¬ 
puts and 5.0 V Inputs, Input macros must have their 
ESD diode connected to 5.0 V. Therefore, OVDD5 
must be connected to 5.0 V, even though all outputs 
may be 3.3 V macros. 

3.3.2 Output Macros 

The various output macro configurations include 
standard CMOS, TTL, 3-state, slew-rate control, and 
open-drain output macros. Note that the number in the 
standard output macro name is not the output drive 
strength in mA (see Table 3-2). Most output macros are 
available in a JTAG version with the exception of 3 and 
48 mA drive outputs. See Section 5 Macro Naming 
Conventions. 

Each output symbol has place holders for the output 
signal name and package pin number. Each output also 
has a threshold-level (CMOS or TTL) property (not dis¬ 
played) and two or three signal ports (DO, EN, and 
PAD), see Figure 3-4. The 3-state output macros have 
an additional port “EN” for the output enable signal. 

The threshold-level property defines the CMOS or 
TTL switching level for timing purposes. The default 
value is “CMOS”. 

The 48 mA drive outputs (ON32x) require two I/O 
cells. The location of the output pad within the two cells 
is selected through the MASTER_OFFSET property in 
OACS. The default for this property Is a zero. This plac¬ 
es the output pad in the numerically lower location. 
When this property is set to one, the numerically higher 
pad is selected. 
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Table 3-2 H4CPIus Series Output Macros (Non 
JTAG) 


Output 

Macro 

System 

Logic 

Core 

Logic 

m 

E 

1 

111 

iiii 

« 

1 

1 

ill 

■ 

3^V 

$.ov 

1111 

S.0V 

CMOS/TTL Output Logic | 

ON2x 


• 


• 

3 

• 

• 


ON4x 


• 


• 

6 

• 

• 

• 

ON8x 


• 


• 

12 

• 

• 

• 

ON16X 


• 


• 

24 

• 

• 

• 

ON32X 


• 


• 

48 

• 

• 

• 

ONL2X 

• 


• 


2 

• 



ONL4X 

• 


• 


3 

• 

• 


ONL8X 

• 


• 


6 

• 

• 


ONL16X 

• 


• 


12 


• 


ONLX2X 

• 



• 

2 

• 



ONLX4X 

• 



• 

3 

• 



ONLX8X 

• 



• 

6 

• 

i 



• 



• 

IQ 

• 

i 




• 

• 


KI 

• 





. 

• 


Bi 

n 





• 

• 


IB 

n 




1. See electrical specifications for additional information. 
X = Suffix such as S2, T, and OD. 


3.3.2.2 3-State Output Macros 

3-state output macros are commonly used in bus ap¬ 
plications when a high-impedance state is desired 
when the output is not used. For bidirectional 3-State 
macros, pull-resistors can be used to force the output 
to a “weak” low or high state while the output Is dis¬ 
abled. However, the pull-resistors are not meant to re¬ 
place external pull-up or pull-down resistors that are 
attached to a 3-state bus. The CAD system does not 
model pull-resistors on outputs because these resistors 
are parametrically checked on the tester but functional¬ 
ly will be over driven by test circuitry. Table 3-3 contains 
the states for bidirectional output macros with and with¬ 
out pull-resistors. All 3-state outputs use the “T” suffix 
{ON2T, ON16T, etc.). 


Table 3-3 Function Table for 3-State Bidirec¬ 
tional Output Macro 



m 

PAD 1 

No 

Resistor 

Pull- 

Down 

Fuil-Up 


■a 

L 

L 

L 

H 

H 

H 

H 

H 

X 

L 

Z 

L (weak) 

H (weak) 


3.3.2.1 Slew Rate Control Output Macros 

Fast signal transitions and simultaneously switching 
outputs can cause crosstalk on adjacent signal pins 
and power bus noise. Output macros with the slew rate 
control can be used to slow the transition times of the 
output signal and reduce both types of noise. The slew 
rate control option is available for all ON4 through 
ON32 type output macros. Outputs with the “S2” suffix 
(ON4S2, ON8S2, etc.) provide a slew rate reduction of 
about 10% for ON4S2, ON8S2, ON16S2, and ON32S2 
with 25, 50,100, and 200 pF loads respectively. 


MACRO NAME OUTPUT SIGNAL NAME 


ON16T 


DO- 

EN- 





\ 




xxx 

PAD 


PAD 

PACKAGE PIN NUMBER 


Figure 3-4 Example Output Symbol (3-State) 


3.3.2.3 Open-Drain Output Macros 

Open-drain output macros are often used to “wire- 
AND” multiple control signals on a common bus. The 
common bus will maintain a “low-state” as long as one 
or more signals is low. This avoids signal contention 
causing invalid logic states on the bus. For bidirectional 
open-drain macros, an external pull-up resistor is used 
to hold the output of the open-drain macro to a weak 
“high-state” until a low Input forces its output to a “low- 
state”, see Table 3-4. Open-drain outputs use the “OD” 
suffix {0N20D, ON160D, etc.). Internal pull-resistors 
are not meant to replace external pull-up or pull-down 
resistors which are attached to an open-drain bus. 


Table 3-4 Open-Drain Output Macro Function 
Table 


DO 

PAD 1 

No 

Resistor 

Pull-Up 


L 

L 

H 

Z 

H (weak) 
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3.3.3 Bidirectional Macros 

Bidirectional macros are configured using a 3-state 
output macro and an input macro, see Figure 3-5. Only 
output and Input macros with a “B” prefix can be used to 
configure bidirectional macros. 


Internal pull-up and pull-down resistors may also be 
used in bidirectional macros by connecting the resistors 
to the “BIC” or “BC” ports or on the connecting net. 

The available outputs and inputs used to configure bi¬ 
directional macros are listed in Table 3-5. 


Table 3-5 Bidirectional Input and Output Macros (Non JTAG) 


Input 

Macro 

System 

Logic 

Cora 

Logic 

1 

1 

II 


ill! 

S.OV 

III! 

5«0V 


1 

CMOS Input Logic | 

BICI 


• 


• 

• 



BICN 


• 


• 


• 


BICXN 


• 

• 



• 



• 


• 


• 




• 


• 



• 


BILSN 

• 


• 



• 

• 

BISN 


• 


• 



• 



• 

• 



• 

• 


BILTXN 

• 



• 


• 


BITN 


• 


• 

_ 

• 


BITSN 


• 


• 


• 

• 


Output 

Macro 

System 

Logic 

Cof» 

Logic 

—- 

I 

I 

III 

iiil 

111 

9 

1 

i 

IBfli 

iiPliii 

3.3V 

ilN 

llli 

S.OV 

CMOS/TTL Output Logic | 

BON2X 


• 



K1 


• 


BON4X 


• 



6 


• 

• 

BON8X 


• 



IS 

• 

• 

• 

BON16X 


• 



24 

• 

• 

• 

BON32X 


• 



m 

• 

• 

• 

BONL2X 



• 


m 


• 


|Hg]2lS9| 



• 


m 


• 





• 


6 

• 

• 





• 



• 

• 


BONLX2X 




Bi 

m 


• 


BONLX4X 




• 

m 


• 


BONLXSx 




• 

6 


• 


BONLX16X 




• 

12 


• 


BONX2X 


• 

I 

• 


3 


• 


BONX4X 


• 

• 


6 


• 


BONXSx 


■ 

• 


12 


• 



1. See electrical specifications for additional information. 
X = Suffix such as S2, T, and OD. 


MACRO 
NAME 'y 


SIGNAL 

NAME 

BON16T 


DOi 


EN« 



BIC 


VME V 

I-1\ 


V 


XXX 

PAD 


PAD 


Dl 


BICI 



\ 


PACKAGE 
PIN NUMBER 


CONNECTION 
BY USER 


Figure 3-5 Example Bidirectional Macro 
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3.3.4 System Interconnect Macros 

For high-speed chip-to-chip communications, the 
H4CPIUS Series arrays support four types of data inter¬ 
face circuitry; Current Mode Transceiver Logic (CMTL), 
Gunning Transceiver Logic (GTL), Peripheral Compo¬ 
nent Interconnect (PCI) and Pseudo ECL (PECL). The 
available output and input macros used to configure 
each data transmission system are listed in Table 3-7. 
Logic level information about each of the four systems 


is displayed in Table 3-8. See Table 3-9 for worst case 
operating frequencies. Each of the data transmission 
systems has advantages and disadvantages as de¬ 
scribed in Table 3-6. The designer should select the ap¬ 
propriate system or systems for each design. For 
detailed application and performance information, refer 
to application note AN1521/D, High-Performance 
CMOS Interfaces for H4CPIus ™ Series Gate Arrays. 


Table 3-6 Comparison of System Interface Types 


Type 

3«3V 

5.0 V 

Power 

Noise 

litifiiunity 

Differential 

Single* 

Bidirectl(»ial 

Active 

Termination 

CMTL 

yes 

yes 

med/high 

600 mV 

yes 



yes 

GTL 

^3 


low 


no 

mm 

yes 

no 

PCI 

yes 

yes 

med/high 

250 mV 

no 

yes 

yes 

no 

PECL 

yes 

yes 

medium 

140 mV 

yes 

no 

no 

no 


Table 3-7 H4CPIus Series System Interface Macros 


Outptit 

Macro 

System 

Logic 

Core 

Logic 

1 

■1 

III 

llil 

mu 

ilii 

CMTL Output Logic | 





• 

• 





• 






• 

• 





• 

• 




• 


• 

ODLX32CMT 

• 



• 

• 

ODL32CMT 

• 


• 


• 




• 


• 




• 


• 



• 


• 



ONL20G 

• 


• 



PCI Output Logic | 

BONTPC 


• 


• 


ONPC 


• 


• 


ONTPC 


• 


• 


BONLTPC 

• 


• 



ONLPC 

• 


• 



ONLTPC 

• 


• 




Input 

Macro 

System 

Logic 

Core 

Logic 

WM 

c 

1 

. c 

1 

£ 

o 


ilil 

> 

o 

gn 



1 

CMTL Input Loi 

gic 1 

BICMD 


• 


• 



B 

ICMD 


• 


• 



B 

ILCMD 

• 


• 




B 

GTL Input Logic | 

BIGN 


• 


• 


• 


IGI 


• 


• 

• 



IGN 


• 


• 


• 


BILGN 

• 


• 



• 



• 


• 


• 



ILGN 

• 


• 



• 

■1 

PCI Input Logic | 



• 


• 


• 

[B 

BILPC 

• 


• 



• 


ILPC 

• 


• 



• 


ILPCH 

• 


• 



• 


PECL Input Lo( 

jic 1 

IPD 


• 


• 



• 

IPXD 


• 

• 




• 

ILPD 

• 


• 


_ 
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Table 3-8 Logic Levels for System Interface Macros 


Parameter 

VDD sr 3.3 Volts 

VDD 5.0 Volts 

CMTL 

GTL 


PECL 

CMTL 

iiiiiii 

PCI 

liililli 

Signal swing 
min 

0.600 V 

0.800 V 

0.800 

0.595 V 

1.400 V 

0.800 V 

1.850 


Noise margin 

High 

0.200 V 

0.350 V 

1.402 

0.140 V 

0.600 V 

0.350 V 

0.400 

QmiQ 

Noise margin 

Low 

0.200 V 

0.350 V 

0.743 

0.145 V 

0.600 V 

0.350 V 

0.250 


Vqh min 

1.950 V 

1.200 V 

2.970 

2.275 V 

3.200 V 

1.200 V 

gglfiTiM 


Vql max 

1.350 V 

0.400 V 

0.330 

1.680 V 

1.800 V 

0.400 V 



ViH min 

1.750 V 

0.850 V 


2.135 V 

> 

o 

o 

CO 

c\j 

0.850 V 

2.000 

3.835 V 

V|L max 

1.550 V 

0.750 V 


1.825 V 

> 

o 

o 

c\i 

0.750 V 

0.800 

3.525 V 


Table 3-9 Worst Case Operating Frequencies (Preliminary) 


signal type 

Maximum Operation Tj«-40 to I 

2.97-3,83 Volts 

4.5-5.5 Volts 

Clock 

MHz 

Data 

Mb/s 

Vifl 

mV 

Clock 

iilMHa 


Vin 

mV 

CMTL* 

input 





99 


output 

Hiljl 


- 



- 

GTL’ 



260 

350 

275 

410 

650 

output 

mgi 


- 

109 


- 

PCi’ 

input 




99 


1200 


50 



50 


- 

PECL* 

input 

250 

375 

±350 

400 

600 

±500 


1. GTL and PCI operate in the single-ended mode. 

2. CMTL and PECL operate in differential mode. 

3. Output frequencies are dependent on PC board layout techniques, transmission 
line and crosstalk. 


3.3.4.1 Current Mode Transceiver Logic 

Current Mode Transceiver Logic (CMTL) was de¬ 
signed by Motorola to provide a high-speed interface 
with the following characteristics: 

• Reduced voltage swings 

• Low standby power 

• High noise margins 

• No external components for point to point 

• Matched resistor termination for multi-tap 

• Single or differential drive 

• Differential bidirectional bus driving 

• Internal active termination 

The CMTL driver output stage is a complimentary 
push-pull CMOS output circuit with a reduced output 
voltage swing centered at the mid-point of the VDD 


power supply (VDD/2). The output stage eliminates the 
Miller capacitance and uses smaller devices than GTL 
in order to provide a higher bandwidth. Figure 3-6 
shows an example of the OD32TCMT macro, a 32 mA 
CMTL differential output driver with an active termina¬ 
tion across the outputs (denoted with the symbol T’). 
The active termination is a pair of FETs connected like 
back to back diodes In order to further limit the swing at 
the output. The active termination sets the quiescent 
current of the driver at about 3.7 mA for VDD = 5.0 V. 

The OD32TCMT Is used to drive twisted pair line 
(Zq = 100 to 150 ohms) or two controlled impedance 
printed circuit board (PCB) lines (Zq = 50 to 100 ohms). 
The latter may have a CMTL receiver connected at the 
end of the lines without using termination resistors. The 
resistors are not needed for point to point connections 
due to the effective output Impedance of the driver (32 
ohms for VDD = 5.0 V and 50 ohms for VDD = 3.3 V) 
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which provides a series termination for twisted pair 
lines having a Zq of 100 ohms or controlled impedance 
PCB lines having a Zq of 50 ohms. For multi-taps on the 
lines, a resistor can be placed across the twisted pair at 
the end of the line with a value equal to the character¬ 
istic impedance of the pair of lines. Figure 3-7 shows an 
example of the ICMD macro which is a CMTL differen¬ 
tial receiver. For VDD = 5.0 V, the receiver has an input 


sensitivity of ±200 mV differential for frequencies less 
than 200 MHz. The OD32TCMT can also be connected 
to an ECL receiver such as the ECLinPS MC10EL16/ 
100EL16 for ECL receiver communications between 
CMOS arrays and to ECL operating on a positive sup¬ 
ply voltage. Figure 3-8 shows an example of differential 
CMTL driving two transmission lines with no termina¬ 
tion for point to point communications. 


OUTPUT SIGNAL NAME 


MACRO NAME 

X 

OD32TCMT 


DO> 




rn\ 


XXX 

PAD 


PAD 

EN PACKAGE PIN NUMBER 






XXX 

PAD2 



r pad I 


q 


2] 



n 



b 

n 



PAD2 


Active Termination Circuit 


Figure 3-6 Example CMTL Driver Symbol 


INPUT SIGNAL NAME 
I MACRO NAME 


t 

XXX 

PAD2 


XXX 

PAD 



PACKAGE PIN NUMBER 


Figure 3-7 Example CMTL Receiver Symbol 



Figure 3-8 Differential CMTL with Active Termination 
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3.3.4.1.1 Differential I/O Rules 

Differential I/O require two adjacent pads and at¬ 
tached package pins and two I/O cell sites. When using 
differential macros it Is helpful to refer to the array floor- 
plans or pad-to-pin cross-reference tables to locate 
suitable I/O cells for differential macros. Not all I/O cells 
have connecting die pads and depending on the pack¬ 
age, not all die pads are connected to a package pin. 

Design Rules for Differential I/O Macros: 

1. Differential pads (PAD and PAD2) must be on 
the same side of the chip and occupy adjacent 
I/O cells connected to bond pads and package 
pins. See Figure 3-16 for the general layout of 
I/O cells and pads. 

2. PAD must always be associated with an I/O cell. 

3. PAD2 (IO_PIN1) must always be associated 
with a lower I/O site number than PAD 
(IO_PIN2). 

3.3.4.2 Gunning Transceiver Logic 

Gunning Transceiver Logic (GTL), is a single-ended 
transmission line system with receivers, drivers and bi¬ 
directional macros (see Figure 3-9 and Figure 3-10). 

The GTL drivers are open drain N-channel devices 
and the receivers are high gain differential compara¬ 
tors. The inverting input of all the GTL receivers is con¬ 
nected to the reference voltage pin, INPVR08 (see 
Section 3.4.6.1). This pin is required if a GTL macro is 
used in the design and should be connected to 0.8 V to 
maximize the noise margin. The GTL receivers have an 
uncertainty band of ± 50 mV around the reference volt¬ 
age, INPVR08. The output sink current of the GTL driv¬ 
er ON20G macro is 24 mA while the BON40G macro is 
48 mA. The ON20G macro is used to drive 50 ohm sin¬ 
gle-ended transmission lines with a 50 ohm resistor 
connected at the end of the line between the supply 
(Vt = 1.2 V) and the signal line. 

The BON40G macro is used to drive a bidirectional 
50 ohm transmission line with a 50 ohm resistor con¬ 
nected at each end of the transmission line between the 

supply and the signal line. BON40G Is a single pad, 
dual site macro. OVSSP Is a single pad, dual site macro 
which co-exists on the same sites as the BON40G. 
OVSSP is a special macro that provides the hi-drive ca¬ 
pability (currents above 24 mA) to the adjacent macro. 
It must be placed In the numerically lower I/O cell site 
adjacent to the BON40G macro. By driving terminated 
transmission lines, high performance buses can be de¬ 
signed which minimize signal reflections that cause 
overshoot and undershoot. 


INPUT SIGNAL MACRO NAME 



Figure 3-9 Example Gunning Receiver Symboi 


OUTPUT SIGNAL NAME 



Figure 3-10 Exampie Gunning Driver Symboi 

3.3.4.3 PCi (Peripherai Component Interconnect) 

The PCI bus was developed to provide a high-speed 
standard expansion bus for interfacing peripheral I/O to 
the processor and memory subsystems. It is processor 
independent and the bus is guaranteed to operate at 
33 MHz. It was also designed for future expansion with 

3.3 and 5.0 volt component combinations and 32 and 
64 bit data interface. The benefits are lower costs 
through larger volumes, auto-configuration eliminates 
setup, upgradeable to higher performance, and plug 
and play. PCI is being used with the PowerPC™, Al¬ 
pha™, 486, Pentium™ processors, and other chip sets, 
graphics, bridges and controllers, SCSI, IDE, communi¬ 
cation, video, and multimedia. 

The PCI Interface is basically a CMOS bus that has 
virtually no power during steady state conditions. The 
PCI output drivers (see Figure 3-11 and Figure 3-12) 
are designed to switch only half the bus voltage re¬ 
quired in order to reduce switching currents, reduce de¬ 
vice sizes and improve circuit propagation delays. As 
the waveform reaches the end of the unterminated bus, 
the voltage doubles and returns back to the driver 
where the signal is terminated by the source imped¬ 
ance of the driver. This technique is called reflected 
wave switching in which, after the driver switches, it 
takes two times the line delay of the bus for all receivers 
to see a valid voltage. The fully loaded bus is assumed 
to be as low as 32 ohms while the unloaded trace Im¬ 
pedance is 65 ohms. See Table 3-7 for a listing of the 
PCI macros that are available. 
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MACRO NAME OUTPUT SIGNAL NAME 


ONPC 


DO- 




\ 




XXX 

PAD 


PAD 

PACKAGE PIN NUMBER 


Figure 3-11 Example PCI Driver Symbol 


INPUT SIGNAL MACRO NAME 



Figure 3-12 Example PCI Receiver Symbol 

The DC specifications are very similar to TTLfor the 
5.0 volt PCI as shown in Table 3-10. For 3.3 volt opera¬ 
tion, PCI uses a new, proportional input specification 
centered at 0.4 x (VDD). Proportional specifications 
provide better performance and larger noise margins. 
For input buffers, V|h and V|l are the logic threshold pa¬ 
rameters. 

What separates the specification of PCI from stan¬ 
dard CMOS is the new AC voltage and current drive 
specifications for the outputs. Table 3-10 shows the 
minimum and maximum Vqh and Vql to guarantee 
successful reflected wave switching. Voh(AC) min and 
Vol(AC) max are the main parameters that set the 
maximum value for the output impedance. 

For instance at VDD = 4.75 V, when the output is 
switching from a low to a high, the output must reach at 
least to Voh(AC) min of 1.4 V (for a Zq = 32 ohms re¬ 
quiring at least 44 mA for 1.4V) so that with reflected 
wave switching the voltage will be twice this value, or 
2.8 V. Since V|h min of the receiver is 2.0 V, this 
achieves a noise margin of 800 mV which provides ad¬ 
equate margin for transient voltage ringing. 


Table 3-10 PCI DC and AC Voltage Specifications 


Symbol 

VDD 1 

ililiii 

3.0 to 3.6 V 

4.75 to 5.25 V 

Vinmin 

0.475(VDD) 

2.0 

Volts 

ViLinax 

0.325(VDD) 

0.8 

Volts 

Vonmln 

0.9(VDD) 

@ -0.5 mA 

2.4 

@ -2.0 mA 

Volts 

VoL^ax 

0.1 (VDD) 

@ 1.5 mA 

0.55 

@ 6.0 mA 

Volts 

VoH(AC)mln 

0.3(VDD) 

@ -12 mA 

1.4 

@ -44 mA 

Volts 

VoH(AC)max 

0.7(VDD) 

@ -32 mA 

3.1 

@ -142 mA 

Volts 

VoL(AC)max 

0.6(VDD) 

@ 16 mA 

2.2 

@ 95 mA 

Volts 

VoL(AC)min 

0.18(VDD) 

@ 38 mA 

0.71 

@ 206 mA 

Volts 


When the output Is switching from a high to a low, the 
output must reach at least to Vol(AC) max of 2.2 V 
which results In a voltage change of 3.05 V for VDD = 
5.25 V and 2.55 V for VDD = 4.75 V. This results in a 
minimum current of 95 mA for VDD = 5.25 V for a Zq of 
32 ohms. With reflected wave switching the voltage will 
be twice the voltage change reaching a Vql of -0.85 V 
for VDD = 5.25 V or -0.35 V for VDD = 4.75 V which pro¬ 
vides a noise margin of greater than the required 800 
mV. 

3.3.4.4 Pseudo ECL 

Pseudo ECL (PECL), is ECL operating at VCC = 5.0 
V and VEE = 0.0 V. PECL can be used in a differential 
system to gain the advantages of higher performance, 
high common mode noise immunity and signal ground 
noise Immunity to minimize thermal voltage level prob¬ 
lems. However, two package pins are used by the dif¬ 
ferential system. Transmission lines normally used with 
PECL are twisted pair, coaxial cables, and controlled 
Impedance printed circuit board interconnects that are 
terminated with a resistor matching the characteristic 
Impedance of the transmission line. Normally an exter¬ 
nal supply, Vt = 3.0 V, is required to connect to the ter¬ 
mination resistor. PECL is also capable of driving low 
impedance (25 ohms) lines. Differential inputs require 
special rules, (see Section 3.3.4.1.1). 
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INPUT SIGNAL NAME 



Figure 3-13 Example PECL Receiver Symbol 


3.3.5 Oscillator Macros 

Oscillator macros are used to generate clock signals 
from an external crystal and other discrete compo¬ 
nents. There are six oscillator I/O macros available for 
configuring crystal oscillator circuits (see Table 3-11). 
The OSCPB and the OSCPBL are the standard oscilla¬ 
tor macros for 5.0 V and 3.3 V respectively. The OS- 
CPHB and OSCPHBL macros are high-drive versions 
for driving high fanout clock networks. The OSCPSB 
and OSCPSBL use a Schmitt trigger input to insure 
CMOS edge speeds from very low crystal frequencies. 

The oscillator macros have two pad ports, PADI and 
PADO, and one Internal port Dl (see Figure 3-14). The 
output pad, PADO, provides the inverted signal feed¬ 
back to the crystal that is necessary for oscillation and 
Dl provides the internal clock signal to the array core. 


Table 3-11 Oscillator Macrocells 


Oscillator 

Macro 

System 

l. 09 ic 

Core 

Logic 

■1 

X§ 

U 

III 

3*3V 

iiili 

iiii 

iiHi 

OSCPB 


• 


• 



OSCPHB 


• 


• 

• 


OSCPSB 


• 


• 


• 

OSCPBL 

• 


• 




OSCPHBL 

• 


• 


• 


OSCPSBL 

• 


• 



• 


When using oscillator macros It is helpful to refer to 
the array floorplans or Pad-to-Pin Cross-Reference Ta¬ 
bles to locate suitable I/O cells for oscillator macros. 
Not ail I/O cells have die pads and depending on the 
package not all die pads are connected to a package 
pin (see Figure 3-16). The following rules must be used 
for the oscillator to function properly. 


OUTPUT 



PIN NUMBER 

Figure 3-14 Example Oscillator Symbol 

Design Rules for H4CPIus Series Oscillator 
Macros: 

1. Oscillator pads (PADI and PADO) must be on 
the same side of the chip and occupy adjacent 
I/O cells connected to bond pads and package 
pins, see Figure 3-16. 

2. PADO must always be associated with an I/O 
cell with a lower location number than PADI. 

Note: Use the Array Floorplans or Pad-to-Pin Cross- 
Reference Tables in Section 4 to determine correct os¬ 
cillator macro locations. 



Figure 3-15 Example Oscillator Application 

The oscillator macrocells contain an inverting ampli¬ 
fier and a driver to the internal array. The customer 
must supply the necessary external components to 
build a working oscillator. A typical Implementation Is 
shown in Figure 3-15. Please refer to the crystal manu¬ 
facturers’ specifications for crystal characteristics and 
oscillator design. 
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Oscillator Design Hints: 

• Follow crystal manufacturers’ recommendations 
for circuit components. 

• Keep PCB traces and component leads short as 
possible to avoid parasitic capacitances and 
inductances. 

• Select I/O cells with the shortest bond wire 
lengths (usually near the center of the die) to 
minimize parasitic inductances. 

• Use high quality components. 

• For fast start-up, use crystals with low series 
resistance (high Q). 



Figure 3-16 Die Section Showing Valid 
Oscillator Macro Placement 


3.4 POWER AND GROUND CONSIDERATIONS 

This section describes the H4CPIus array power and 
ground buses, required power and ground rules, pre¬ 
cautions for Simultaneously Switching Outputs (SSO), 
and rules for location of SSO pins. Additionally, special 
power and ground requirements for system intercon¬ 
nect macros and the use of the required test pin are ad¬ 
dressed. A description of voltage selection and 
implementation is available in application note AN1514, 
H4CPIUS™ Series 3.3V/5V Design Considerations. 


3.4.1 Power and Ground Buses 

All H4CPIUS Series arrays have three power and two 
ground buses, plus four reference voltage buses for 
system interconnect use (see Section 3.4.6.1). The 
buses VDD and VSS supply power and ground to the 
core and Input macros. OVDD3 and OVDD5 are the 
3.3 V and 5.0 V power buses for most output and oscil¬ 
lator macros and OVSS Is the ground bus for most out¬ 
put and oscillator macros. 


Table 3-12 Power and Ground Macros 


Power 

Macro 

Normal 

Voltage 

Use 

OVDD3 

3.3V 

Output and oscillator macro power 

OVDD5 

5.0V 

Output and oscillator macro power 

OVSS 

O.OV 

Output and oscillator macro ground 

VDD 

3.3V 
or 5.0V 

Core and input macro power 

VSS 

O.OV 

Core and input macro ground 

OVSSP^ 

0.0V 

Output and oscillator macro ground 


I.To be used with dual-cell GTL macros, see Section 3.4.6.2 


The OVDD3 and OVDD5 buses may be combined 
when all outputs are operating at a single voltage level. 
The core and output VDD buses may optionally be 
combined to form common power buses by using mac¬ 
ros. This is often desirable in reducing power bus noise 
since the bus capacitance is increased and the induc¬ 
tance decreased. Other advantages include better utili¬ 
zation of OVDD/VDD and OVSS/VSS pins and 
decreased SSO noise. Table 3-13 illustrates the cus¬ 
tomer selectable power configuration options and the 
legal power and bus tying macros. Note that VSS and 
OVSS are unaffected by the power selection options. 

3.4.2 Required Core Power and Ground Pins 

A fixed set of five power and ground pads exists at 
each corner of the array to allow easy access for func¬ 
tional probe testing (see Figure 3-17). Depending on 
the array and package type, additional core power and 
ground pins may be required (see Pin-to-Pad Cross- 
Reference Tables). Note: Some array/package combi¬ 
nations have no fixed power or ground pads connected 
to package pins. 
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Table 3-13 Legal Combinations of Power and Bus Tying Macros 
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The VDD and VSS requirements can be checked by 
using Eq. (3-1). The equation will determine if additional 
VDD pins are required. If the value of is negative, no 
additional VDD pins are required. A positive value for 
Pa requires additional VDDA/SS pins to be added to the 
design and the number should be equal to the numeric 
value of Pa rounded up to the next integer. More pins 
may be added to improve any design. An equal num¬ 
ber of VSS pins must also be added to the design. 



where; 

Pa = Total additional VDD pins required 
E = Number of equivalent gates used in the design 
N = Number of gates that can be powered from a 
power/ground pair, see Table 3-14 
Pp,^ = Fixed VDD pins for the selected package (see 
Pin-to-Pad Cross-Reference Tables in Section 4) 


Table 3-14 Core Power Specification 


' 

iiriiiliiiiiii 

VDD 

Gates/Pin 

Pair 

3.3V 

12,000 

5.0V 

8,000 


Rules and Recommendations for VDD and VSS 
Pins: 

1. The fixed power and ground pins on each array 
are required and cannot be altered. 

2. All power bus macros require assignment to an 
I/O cell that is connected to a package pin. 

3. Additional VDD/VSS pads should be evenly 
spaced with fixed VDD/VSS pads. 

4. Place VDD and VSS pads near or within groups 
of high-current output macros. 

5. Use power macros to connect internal and out¬ 
put power buses. (This reduces the number of 
package pins required for VDD/VSS.) 

Note: 

Depending on the design, rules 4 and 5 should be 
used only after consideration of SSO noise since this 
may cause increased noise in the core. 

3.4.3 Required I/O Macro Power and Ground Pins 

Depending on the array and package type, addition¬ 
al pins may be required for I/O macro power (OVDD3 
and OVDD5) and ground (OVSS). The following DC re¬ 
quirement must be met. No I/O macro may be located 
more than 25 I/O cell sites from the power macro or pin 


supplying it with power or ground. 

Note: Some array/package combinations have no 
fixed power or ground pads preassigned to package 
pins. 

Rules for Additional OVDD and OVSS Pins: 

1. The fixed power and ground pins on each array 
are required and cannot be altered. 

2. All power macros require assignment to an I/O 
cell that is connected to a package pin. 

3. Additional OVDD/OVSS pads should be evenly 
spaced with fixed OVDD/OVSS pads. 

3.4.4 Optional Peripheral Power Pins for Simulta¬ 
neously Switching Outputs (SSO) 

Simultaneously switching outputs are output macros 
which change state within four nanoseconds of each 
other. As an output macro switches state. It must 
charge or discharge an external capacitive load in a 
short period of time, but the required current sourced or 
sunk by the output is Inhibited by the cumulative induc¬ 
tances of the package leads and the gate array. The to¬ 
tal effect of the inductance and rapid current change 
(plus crosstalk) can be observed as voltages induced 
on the power and ground buses and also on adjacent 
signal pins, see Figure 3-18. 



Figure 3-18 SSO Derived Noise 

As the number of SSO’s increase so does the sever¬ 
ity of the power bus noise and other SSO related prob- 
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lems such as quiet-driver noise and SSO delay. Quiet- 
driver noise is the induced voltage swing of an output 
macro caused by power bus noise, while SSO delay is 
the additional time needed by the output macro to 
charge or discharge a capacitive load due to reduced 
power caused by SSO. 

There are several ways to minimize SSO problems. 


Controlling SSO Noise: 

1. Provide sufficient OVDD3, OVDD5 and OVSS 
pins and distribute them as required, (see Eq. 
(3-2)) 

2. Place SSO pins as close as possible to 
OVDD3, OVDD5 and OVSS pins. 

3. Place noise sensitive Input signal pins such as 
clocks, enables, and resets near VSS pins and 
away from SSO’s. 


Table 3-15 SSO Multiplier for Macro and Logic Type 




CMOSHTL Macros 





PM 



ON2 

gliM 

iOl 

eq 

eq 

0N20D 



eq 

EQ 

ON2T/BON2T 

KM 

Ba 

EQ 

EQ 

ONX2 


lEI 

SOI' 

gfCT 

ONX2T/BONX2T 


lEI 

HOI 

HQ 

ONLX2 

|[^ 

^3 


HQ 

ONLX2T/BONLX2T 

180 

288 

288 

288 

ONL2 


EQ 


HQ 

ONL2T/BONL2T 

gnfii 

EQ 


hq 

ON4 

1^ 



HQ 

0N40D 

1^ 

EQ 

^3! 

HQ 

ON4S2 

m 

BQ 

HQ 

HQ 


1^ 

^3 

HQ 

HQ 

ON4TS2/BON4TS2 


EQ 

HQ 

HQ 

ONX4 

1^1 



Em 

ONX4T/BONX4T 

1^ 

rai 

Ql 

d 

ONLX4 

120 

192 

192 

192 

ONLX4T/BONLX4T 

1^ 

BQ 

113 

13 

ONL4 

1^ 


lEI 

13 

0NL40D 

1^ 

g 

IgQ 


ONL4T/BONL4T 

tm 

EQ 

lEI 

Q 


Ka 

EM 



0N80D/B0N80D 

esm 

EQ 

EM 

hq 

ON8S2 

El 

ra 

ra 

wm 

ON8T/BON8T 

m 

em 


El 

ON8TS2/BON8TS2 

la 

ra 

ra 

ra 

ONX8 

m 

13 

13 

13 

ONX8T/BONX8T 

m 

13 

13 

13 

ONLX8 


lEI 


HQ 

ONLX8T/BONLX8T 

80 

128 

128 

128 

ONL8 


13 

HQ 

HQi 


80 

288 

80 

288 


ESI 

113 

13 

HQ 




CMO$m‘L Macros 

TTL 

fMOS: 1 


1^3 


PM 

EE5II 

ONI 6 

HI 

HQ 

13 

HQ 

0N160D/B0N160D 

20 

288 

32 

288 1 

ON16S2 

m 

13 

icCTI 

13 

ON16T/BON16T 

HI 

13! 

HQ 

^3 

ON16TS2/BON16TS2 

El 

I^Q 

^Q 

13 

ONLX16 

13 

em 

El 

El 

ONLX16T/BONLX16T 

13 

El 

El 

64 

ONX16 

^1 

El 

em 

El 

ONX16T/BONX16T 

HI 

El 

em 

El 

ONL16 

13 

13 

13 

13 


13 

hq 

13 



13 

13 

13 

em 

ON32 

13 

13 

13 

■3 

0N320D/B0N320D 

13 

hq 

13 

288 1 

ON32S2 

13 

13 

13 

13 

ON32T/BON32T 

13 

13 

13 

13 

ON32TS2/BON32TS2 

13 

13 

■3 

13 

PCI Macros 

VSS 

mBm 

ONPC 

20 

64 

ONTPC/BONTPC 

20 

64 

ONLPC 

40 

128 

ONLTPC/BONLTPC 

40 


CMTL Macros 


VD0 

032CM 

20 

32 

OD32CMT 


32 

OD32TCMT/BOD32TCMT 

20 

32 

ODX32CM 

40 

48 

ODLX32CMT 

40 

64 

ODL32CMT 

40 

48 

OTL Macros 

VSS 

VDO 

ON20G 

32 

288 

BON40G 

16 

288 

ONL20G 

32 

288 

BONL40G 

16 

288 
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The following is an equation to determine if the max¬ 
imum number of SSO’s between OVSS or OVDD pins 
has been violated. If the relationship is not true, SSO 
must be redistributed such that fewer SSO’s exist be¬ 
tween OVSS or OVDD pins. If this cannot be achieved, 
additional OVSS and/or OVDD pins must be added. 

where: 

A|vi = Array scaling factor see Table 3-16 

Mn = Macro scaling factor see Table 3-15 


Table 3-16 SSO Multiplier for Array Type and 
Package (A^) 



H4CP146 

I H4CP178 I n/a | n/a | n/a | n/a | 8 | 8 | n/a | n/a | 
* Estimated 


For example, assume an H4CP075 array In a 208 
QFP with CMOS outputs. ON8 outputs are to be used 
in a bus application. A|nj, the SSO multiplier for array 
and package type Is 8, and M^ for an ON8 output is 64. 
From Eq. (3-2) it can be calculated that no more than 8 
ON8 SSO’s can be placed between OVDD or OVSS 
pins; 8(8/64) < 1. Therefore, if 64 SSO ON8 outputs are 
required, at least 8 OVDD and 8 OVSS pins are re¬ 
quired. Note: As stated In Section 3.4.3, a DC check 
must also be made to determine the minimum number 
of OVDD and OVSS pins. 

3.4.5 Rules for Optional Peripheral SSO OVDD and 
OVSS Pins: 

1. The fixed power and ground pins on each array 
are required and cannot be altered. 

2. All power macros require assignment to an I/O 
cell that is connected to a package pin. 

3. Place additional SSO OVDD and OVSS pads 
near or within groups of high-current output 
macros. 


3.4.6 Special Requirements for System Intercon¬ 
nect Macros 

System Interconnect macros have several unique re¬ 
quirements such as a reference voltage and ground 
bus segmentation. 

3.4.6.1 Reference Voltages 

System interconnect macros require a reference 
voltage if they are used single-ended. Each reference 
voltage macro Is only used once in the design. All refer¬ 
ence macros require assignment to an I/O cell that is 
connected to a package pin. 

The following reference voltage pin names and bus¬ 
es are supported: 

INPVR08 0.8 V reference for single-ended 
GTL inputs 

INPVR25 2.5 V reference for single-ended 
CMTL Inputs in 5.0 V systems 

INPVR16 1.6 V reference for single-ended 

CMTL inputs in 3.3 V systems 

INPVR38 3.8 V reference for single-ended 
PECL Inputs 

For example, if a GTL input macro Is used in the de¬ 
sign, a INPVR08 macro is required. 

3.4.6.2 GTL Ground Segmentation 

Segmentation of the output ground bus (OVSS) will 
only be supported for GTL output macros. Power bus 
segmentation macros isolate sections of the OVSS 
bus for isolation of GTL outputs. The isolated OVSS 
bus segments must contain dedicated pins and as 
many additional OVSS pins as required by the number 
of GTL output macros used in the design. GTL gener¬ 
ated noise on OVSS could cause false triggering In the 
I/O or core section If OVSS bus segmentation Is not 
used to Isolate the GTL output. 

Rules for OVSS Bus Segmentation: 

1. I/O cells designated for fixed VDD/VSS cannot 
be used. 

2. All bus segmentation macros requiring a pack¬ 
age pin must be assigned to an I/O cell that is 
connected to a package pin. 

3. A fixed OVSS pin is required in every segment 
so that the segment will be powered when 
unpackaged chips are probed. 

4. An OVSS pin Is required for every two GTL out¬ 
put macros that have a 48 mA sink current 
(such as BON40G or BONL40G). An OVSS pin 
is required for every four GTL output macros 
that have a 24 mA sink current (such as 
ON20G or ONL20G). 
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The bus segmentation macros cut the OVSS buses. 
The OVSSL and OVSSR macros are used to cut the 
bus to the left or right respectively and supply the 
power to the right or left respectively. These macros 
are also connected to an I/O pad such that they can be 
connected to a package pin. The OSVSSL and 
OSVSSR macros are not connected to an I/O pad. 
They may be used when a design is pin limited. Table 
3-17 lists the available power bus segmentation mac¬ 
ros and describes their use. 


Table 3-17 OVSS Bus Segmentation Macros 


OVSS Bm 
Segmentation 
Macros 

Fin 

Req’d 

OVSS 

iusCut 

Use 

OVSSL 

YES 

LEFT 

Cut to the Left and 

Supply OVSS to the Right 

OVSSR 

YES 

RIGHT 

Cut to the Right and 
Supply OVSS to the Left 

OSVSSL 

NO 

LEFT 

Bus Cut 

OSVSSR 

NO 

RIGHT 

Bus Cut 


The term left (L) and right (R) is used to denote the 
direction as viewed from the edge of the chip looking 
toward the center. Since the die pads and I/O sites are 
numbered counterclockwise, left refers to a lower num¬ 
ber and right refers to a higher number. For example, 
refer to the die pad and I/O site numbering In Section 
4, Figure 4-1. 

The OVSSP macro may be used with dual-cell GTL 
macros (BON40G and BONL40G) to provide an output 
ground connection. The OVSSP macro may be placed 
on the adjacent pad to the GTL output thus utilizing this 
pad for ground. 

Table 3-18 contains an example of how a 9 bit GTL 
bus could be implemented on an H4CP048 array in a 
128 QFP. Since the design Is pin limited, an attempt 
was made to use as few package pins as possible. Nine 
BON40G, (48ma bidirectional GTL outputs) were used. 
In addition to the nine signal pins, five pins (one for ev¬ 
ery pair of BON40G outputs) are required to be con¬ 
nected to the isolated OVSS bus. In this example, a 
total of 14 package pins were used. 


Table 3-18 GTL Macro Placement for 9Bit Bus on 
Left Side of H4CP048 128 QFP 


tEFTSIDE 



DIE 

I/O 

PACKAGE 


MACRO 

FAD 

CELL 

FINS 


TYPE 

# 

# 

# 



9 

7 

- 

OSVSSL 1 

10 

8 

7 

<- 

— OVSSP 

11 

9 

8 


BON40G (Bit 0) 

12 

10 

- 

BON40G (Bit 1) 

13 

11 

9 

14 

12 

10 

<- 

—- OVSSP 

15 

13 

11 


BON40G (Bit 2) 

16 

14 

- 

- 

17 

OVSS(15) 

- 

- 

18 

16 

12 

<" 


19 

17 

13 


BON40G (Bit 3) 

20 

18 

- 

- 

21 

19 

- 

- 

22 

20 

- 

BON40G (Bit 4) 

23 

21 

14 

24 

22 

15 

<- 

-OVSSP 

25 

23 

16 


BON40G (Bit 5) 

26 

24 

- 

- 

27 

OVDD5(25) 

- 

- 

- 

26 

- 

- 

28 

27 

- 

BON40G (Bit 6) 

29 

28 

17 

30 

29 

18 

<" 

OVSSP 

31 

30 

19 


BON40G (Bit 7) 

- 

31 

- 

- 

32 

32 

- 

- 

33 

33 

- 

- 

34 

34 

- 

BON40G (Bit 8) 

35 

35 

20 

- 

36 

- 

OSVSSR 


Notes; 


1. Die pad/cell and Package numbers start at top of LEFT side and 
increment counter-clockwise 

2. OVSS, and OVDD5 indicate fixed power and ground pads on the die for 
probe test and are array dependent. 
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3.4.7 Test Pin 

The ENID pin is required on all designs. 

A test pin, ENID (enable IDD), must be added to 
each array in order to test for IDD device leakage. The 
customer must place the ENID pin in the schematic like 
any other input pin and assign it a pin number. For syn¬ 
thesis, the ENID pin must be added to the attributes 
files, similar to the power and ground pins (i.e. OVDD3, 
OVDD5, VDD, OVSS and VSS). Other than selecting 
the pin number, the customer should do nothing with 
this pin; it will not be modeled and will not be simulated. 

This pin will be used at test to disable termination 
and pull-up current flow as well as disable the current 
sources in comparator inputs. The ENID pin is active 
high and has a pull-down resistor (the pull-down resis¬ 
tor current will be sourced by the tester and will not af¬ 
fect the IDD test measurement). In normal usage the 
ENID pin must be grounded. 

3.5 POWER ESTIMATION 

This section describes a manual power estimation 
method to assist in determining package requirements 
and chip junction temperature. The accuracy of this 
method is dependent upon understanding the design 
and its application. A definition of data rate and frequen¬ 
cy will help clarify the power equations. Data rate is one 
bit of data per unit of time (b/s) or a maximum of one 
transition per unit of time. Frequency is, two bits of data 
per unit of time (Hz) or a maximum of two transitions. 
For example, a data rate of 1.0 Mb/s equals a frequen¬ 
cy of 0.5 MHz. Therefore, if a flip-flop has an Input clock 
frequency of 30 MHz, the maximum bit rate is 30 Mb/s 
and the maximum output frequency is 15 MHz. 

Information needed to estimate power: 

• H4CPIUS array supply voltage & switching fre¬ 
quency 

• Estimate of utilized and simultaneously switch¬ 
ing gates 

• Number of RAMs 

• Number and types of inputs, outputs, and bidi¬ 
rectional macros 

• Loads on the outputs 


The estimated total power dissipated by an H4CPIus 
Series array is the sum of the core, RAM, and I/O pow¬ 
er. 


^core ^ramt ^io 


(3-3) 


3.5.1 Core Power 

The bulk of the power dissipated by the internal 
array (Pcore) based upon dynamic power of internal 
capacitive components including the Input capacitance 
of each gate (NAN2 equivalent), the capacitive load of 
metal routing between macros and the output capaci¬ 
tance of 3-state macros (if applicable). The contribu¬ 
tion of leakage currents, and therefore static power, is 
negligible. The Internal power (excluding RAMs) is; 


’core = S f„(Ng^Cg + N^^C^ + N,_^C,) 
n = 1 


{pW} 


(3-4) 


where: 

Cg = 0.05 pF (typical gate input capacitance) 

C rn = typical metal capacitance (see Table 3-27) 
Ct = 0.06 pF (typical 3-state macro output capaci¬ 
tance) 

Ng^ = number of gates switching at fn 
N^,^ = number of macros switching at fp 
Nt^ = number of 3-state macros switching at fp 
Vdd = supply voltage {V) 
fp = output frequency of macros switching at fp 
{MHz} 
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Table 3-19 RAM Power Estimates 



m 

Power itiW/iyfHx} 

3^V 1 5.0 V 

Single-Port RAM’s | 

RSB8X8 

8.5 

46 

■EB 

RSB8X18 


76 

mrm 

RSB16X8 

13.1 

71 

164 

RSB16X18 

18.2 

99 

228 

RSB16X36 

29.5 

161 

369 

RSB32X8 

12.6 

69 

158 

RSB32X18 

24.1 

131 

301 

RSB32X36 

35.4 

193 

443 

RSB64X18 

28.6 

156 

358 

RSB64X36 

39.9 

217 

499 

Dual-Port RAM’s | 

RDB8X9 

15.5 

84 

194 

RDB8X18 

18.9 

103 

236 


1. Power = 1/2CramVDD2f (^W/MHz) 

2 . Assumes all RAM outputs are switching. 


3.5.2 RAM Power 

A design may have several sizes of RAMs. The pow¬ 
er consumed by the RAMs must be calculated sepa¬ 
rately from the rest of the core circuitry since RAMs 
generally have higher gate density and greater num¬ 
bers of simultaneously switching gates. The combined 
power dissipated by ail RAMs is 

Pramt = IPram {^lW} (3-5) 

An estimate of the worst-case power dissipated by a 
RAM is based on its total equivalent capacitance. 

Pram= 1/2CrayDD* {^lW} (3-6) 

where; 

Cram = total equivalent capacitance of RAMs (see 
Table 3-19) 

VpD = supply voltage {V} 
f = 1 / (total address cycle time in pe) {MHz} 

3.5.3 I/O Power 

I/O power (Pjo) is composed of three components, 
static (Pjostat)* dynamic (Pjodyn). ond system Intercon¬ 
nect (Psysint) power (see Section 3.5.5). 

^io “ ^iostat ^iodyn ^sysint 


RAM 

^ram 

lllllllliliil 

m 

lilHii 

5.0 V 

RDB8X36 

27.8 

151 

348 

RDB8X72 

39.5 

215 

494 

RDB16X9 

27.9 

152 

349 

RDB16X18 

31.4 

171 

393 

RDB16X36 

38.2 

208 

478 

RDB16X72 

52.0 

283 

650 

RDB32X9 

51.8 

282 

648 

RDB32X18 




RDB32X36 

IBI 



RDB32X72 


beh 


Quad-Port RAM’s | 

RQB16X18 




RQB16X36 




RQB32X18 

125.3 


1566 

RQB32X36 

145.5 

792 

1819 


3.5.3.1 Static I/O Power (CMOS, TTL and PCI) 

Static I/O power, P|ostat»'s caused by the leakage 
currents (Ijp) of Input macros and pull-resistors. I|n can 
be significant if many inputs with pull-resistors and TTL 
input macros are used. 

The leakage current of an input is dependent on the 
configuration and logic state of the input, see Table 3- 
20. For example, if an Input has a pull-down resistor it 
will only draw significant current during the times the in¬ 
put is in a high state. Therefore, it is necessary to esti¬ 
mate the active time an input is drawing current versus 
the total operation time. The total static I/O power is: 

Piostat = S('in‘ac.ive)VDD (t^W) (3-8) 

where: 

Ijn = input leakage current {pA} (see Table 3-20) 
Wive = estimate of percentage of time when an 
Input draws current (e.g.; use 0.5 for 50%) 


Table 3-20 Typical Leakage Currents for Inputs 


iillilllll 

TVpe 

Active 

State 

VDD»3.3V 

iiiiiiiiiil 

IlnluA} 


none 

either 

1 

1 

PUL 

low 

15 

41 

PDL 

high 

25 

69 
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Table 3-21 Estimated Short Circuit Power for 
I/O Macros 


Macro Typi^ 
5V 

^loshort* 

{plW/MHz} 

Macro Type 
3,3V 

P|o»hort* 

{(tW/MHz> 


CO 

o 


90 

Outputs 

Outputs 1 

ON2/BON2 

83 

ONL2/BONL2 

33 

ON4/BON4 

112 

ONL4/BONL4 

43 

ON8/BON8 

166 

ONL8/BONL8 

59 

ONI 6/BONI 6 

233 

ONL16/BONL16 

80 

ON32/BON32 

395 



ONPC 

173 

ONLPC 

80 


* Input edge rate = 0.5ns, Typical 25°C 


3.5.3.2 Dynamic I/O Power (CMOS, TTL and PCI) 

Dynamic I/O power, Pjodyn* ‘S the largest contributor 
to power dissipation by the array and is mostly the re¬ 
sult of capacitive loads (Cl) on the outputs. The short 
circuit I/O power, P,oshort> ^'so contributes to the dy¬ 
namic power and is estimated in Table 3-21. (The loads 
on input macros are usually small and are not consid¬ 
ered.) The dynamic I/O power Is: 

^iodyn = SCLVoDVof + I(Pioshor,)MnW) (3-9) 

where: 

Cl = capacitive load on outputs {pF} 

f = output switching frequency {MHz} 

P^Qshon = estimated short circuit power for I/O mac¬ 
ros (see Table 3-21) 

Vdd = supply voltage {V} 

Vq = maximum output voltage swing at the operat¬ 
ing frequency (V) 

3.5.4 Power Estimation Example 

The following example estimates the total power dis¬ 
sipation of a hypothetical design and determines an ap¬ 
propriate package and junction temperature for 
simulation. 

The assumptions are: 

• Array: H4CP109 

• Utilized Gates: 70,000 gates (logic only), 25% 
worst-case switching activity; 2,000 gates (clock 
distribution), 100% worst case switching activity 

• I/O Types and loads: 70 CMOS inputs at 5.0 V 
swing, 30 with PUL resistors, 28 ONX2 outputs 
with 50 pF loads at 5.0 V swing and 24 BON8T 
with 50 pF loads at 5.0 V swing 

• Conditions: Core bus VDD is 3.3 V, Output bus 
OVDD5 is 5.0 V, Output bus OVDD3 is tied to 


bus OVDD5, Input clock frequency = 66 MHz, 
logic and output signals switching at 16.5 and 
8.25 MHz 

• An average fanout for macros of 2 

• No system Interconnect macros are used 

• No RAM Macros are used 

The input clock Is immediately divided by two and by 
four. Of the 2,000 gates in the clock path, one-half are 
at 33 MHz (Ng. = 1,000) and one-half are at 16.5 MHz 
(Ngg = 1,000). The number of macros, N^., is 133 (as¬ 
suming 7.5 gates/macro) and N^^ = N^g- the 70,000 
utilized gates about 25% (17,500) of the gates are de¬ 
termined to be switching during a clock cycle. One-half 
of the gates have outputs switching at 16.5 MHz (Ngg = 
8,750) and one-half have outputs switching at 8.25 
MHz (Ng^ = 8,750). The number of macros, N^^g is 875 
(assuming 10 gates/macro) and Nm« = N^^^. The metal 
capacitance Is obtained from Table 3-27, = 0.36 pF 

for the H4CP109 with an average fanout of two. No 3- 
state macros are used, therefore N^^Ct = zero. The 
power consumed by the internal array provided by Eq. 
(3-4) is: 

Pcore = 3.3^ [33 (1000 (0.05) +133(0.36)) 

+ 16.5 (1000 (0.05) + 133 (0.36)) 

+ 16.5(8750(0.05) +875(0.36)) 

+ 8.25 (8750 (0.05) + 875 (0.36)) ] 

Pcore = 255, 582 pW or 0.26W 

The power consumed by the I/O is the sum of static 
and dynamic power, (see Eq. (3-7)). 

The static I/O power is the sum of the leakage cur¬ 
rents of all inputs during their active time. In this exam¬ 
ple 40 Inputs have no pull-resistors and draw 1 pA (see 
Table 3-20) all the time and 30 inputs have a PUL resis¬ 
tor which are active low about 20% of the time. The pull- 
up resistor is tied to VDD. The static I/O power using 
Eq. (3-8) Is: 

Pjostat = (40(1)1.0 + 30(15)0.20)3.3 

P.Qgtat = ^29 pW or 0.00429W 

The dynamic I/O power is the sum of the powers con¬ 
sumed by the 28 ONX2 outputs driving 50 pF, the 24 
BON8T driving 50 pF, and the short circuit power of all 
the I/O. The dynamic I/O power using Eq. (3-9) Is: 
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Piodyn = [28(50) (5) " + 28(150)] 8.25 
+ [24(50) (5) " + 24(490)] 16.5 

Piodyn = 1.012,440 HWorl.OIW 

The I/O power Is: 


P.^ = 0.00 + 1.01 = 1.01 w 

lO 


The total estimated power dissipated is: 


Pr = P.nrn + Pin = 0.26 + 1.01 
D core 10 


Pp = 1.27W 


This design uses 122 signal pins which fits into either 
a 208 QFP or a 208 MicroCool™. For this design, the 
maximum allowed junction temperature, Tj, is 85"C (as¬ 
suming an ambient temperature of 25'’C). To determine 
the required air flow, the thermal resistance (junction- 
to-ambient), Rgja . must first be calculated: 


(Tj-T^)/PD 

RqjA = (85-25)71.27 = 47.2°C/W 


An Rgja of 47.2 °C/W can be supported by the 208 
QFP or the 208 MicroCool with no air flow (see Table 
4-2 of Packaging Section). 

3.5.5 System Interconnect I/O Power 

The power consumed by the system interconnect 
output macros must be calculated separately from the 
rest of the I/O macros because of the special equations 
that are required. The system interconnect power is: 


Table 3-22 DC Receiver Macro Power (typ.) 


Reefer 

lillHili 

DC Power 
{mW} 

ILCMD 

1.98 

ILGI 

1.16 

ILGN 

1.98 

ILPD 

2.64 

IPD 

2.50 

IPXD 

1.65 


Receiver 

ililcliisi 

iiiiiiilii 

imW} 

BiCMD 

10.50 

BIGN 

8.50 

BILGN 

1.98 

ICMD 

10.50 

IGI 

11.00 

IGN 

8.50 


where: 

Pgtl_dc = Vol ^^*'p,^°"^ lowX106 (hW) (3-12) 

Pgtl_ac = Wo» {HW} (3-13) 

where: 

Cl = Total capacitance due to the input fan-in and 
package. {pF} 

f = Maximum frequency that the output is switching. 
{MHz} 

Rl = Termination load resistance for matching the 
characteristic impedance, Zq, of the transmis¬ 
sion line. Note: if 50 ohm load resistors are used 
at both ends of the line for bidirectional lines, Rl 
= 25 ohms, 

tLow = Fractional percentage of the cycle time the 
output is in the LOW state. For worst case, use 
1.0.(e.g. use 0.5 for 50%) 

Vq = Output voltage swing at the operating fre¬ 
quency with the equivalent Rl and Cl load. Nor¬ 
mally equal to - Vql- {V} 

Vql = Output low voltage, 0.25 V typ., 0.4 V 
max. (V) 

Vt = External GTL power supply voltage, normally 
1.2 V, for connecting to the termination 
resistor. {V} 

The power dissipated in the external resistor load is: 


^sysint ~ ^REC “*■ ^GTL ^CMTL 

The DC receiver power, Prec. 's listed in Table 3-22. 

3.5.5.1 GTL Output Power 

The power dissipation of the GTL output, Pqtl* can 
be expressed using the following equation: 

’^GTL = ^GTL_DC ^GTL_AC 


Pext.RL = (V,-Vol)^'-[^X106 (hW) (3-14) 

Where each term Is as previously described. 

As an example assume that a GTL driver Is driving a 
single-ended line (1.0 ft.) terminated with a 50 ohm re¬ 
sistor to Vt = 1.2 V, assume Cl = 10 pF at a frequency 
of f = 66 MHz. 
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The DC power using Eq. (3-12)is: 

Pqtl.dc = 0.25il:^^^:?5Io.5X1o6 =2375^W 

The AC power using Eq. {3-13)is; 

Pqtl.ac = (10) (1.2) (1.2-0.25) (66) 

= 752.4 pW 


Pline = power due to unterminated transmission 
line. Note: Pline = 0, if the line is terminated at 
the receiving end with a matching impedance. 
Also, for differential drive, Pune o^ust be dou¬ 
bled. 

(1 - ’^) 

'^LINE “ ^^TL_MOD^DD^O“”I k" 

(1 +Ps) 


The total GTL power is: 

Pqj^ = 2375 + 752.4 = 3127.4 pW or 3.1 mW 

Using Eq. (3-14) the external resistor power is: 

Pext_RL= (1.2-0.25) 2(|§)x 106 
= 9,025 pW or 9.03 mW 

Note that the length of the transmission line is not a 
factor in the power dissipation. 

3.5.5.2 CMTL Output Power 

Power consumption for CMTL outputs (Pcmtl)»'s 
dependent on the power-supply voltage, frequency of 
operation, macro through current, termination method, 
transmission line, and load. The power dissipation for a 
CMTL output can be calculated from the following 
equation: 

^CMTL = ^CL ^RL *^act ^LINE 


Where: 

Cl = total capacitive load due to Input fan-in and 
package. For differential drive, Cl must be dou¬ 
bled since there are two lines. {pF} 

Cpcj = power dissipation capacitance of output 
device due to through-current {pF} 

(see Table 3-23) 

Ctl_mod = modified transmission line capacitance 
for power dissipation. 

Ctl mod = %^X103 {pF} (3-20) 

f = the maximum switching frequency {MHz} 

•act = static current due to active termination (see 
Table 3-23) 

Note: if K =1 In Eq. (3-21), then Igct = 0. 

K = positive Integer (when ps is a negative number 
see Eq. (3-24)) > 1. Note: When K = 1, voltage 
at the receiver is a maximum when the voltage 
at the driver Is constant at Vqq / 2. 


where: 

PcL = power due to through-current and load 
capacitance. 


PcL= (CL + Cp,)VoVpDf (pW) (3-16) 

Prl = driver power due to external resistor load for 
terminated lines. Note: For differential drive, 
multiply Prl times four. 


Prl = 


r \/ 

o 

y-r,\ 


4^|(Vdd-Vo)>^10® (3-17) 


Pact = power due to active termination. Note: If K = 
1 in Eq. (3-21) below, then Pgct = 0. 


^act ” ^^DD*act(1'“^1'ave) 


(pW) (3-18) 


K = 


T 


(3-21) 


Rl = termination resistor connected to Vqq / 2 for 
single-ended drive. For differential drive Rl is 
the total resistance between the differential 
lines. {^2} 

Rq = the output impedance of the CMTL driver 
(ohms) (see Table 3-23) 

T = switching period (1/f) XI0^ (ns) 

Tl = total transmission line delay (ns) 

Tl mod = modified transmission line delay for cal¬ 
culating K and Ctl_mod {os}; to calculate 
Tl mod ose only one of the appropriate equa¬ 
tions, either Eq. (3-22) or Eq. (3-23). 

if n^ < T|_ < n^ + ^ for n = integer from 
0 to N. Then use Eq. (3-22) 
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"’"l.MOD “ 


(3-22) 


or 


if n^ +1 <Tl< (n +1)^ torn = integer 


from 0 to N. Then use Eq. (3”23) 

Tl_mod= (N + D^-Tl (3-23) 

Note: The value for Tl ^qd i^^ust be adjusted, if pg 
is a negative number, so that K is an integer in Eq. (3- 
21). However, if K > 5, the Pdne term (1-ps'^/(1+Ps*^) 
« 1, for I pg I < 0.5. The adjusted value of Tl mod that Is 
used in Eq. (3-21) must be used in Eq. (3-20). For twist¬ 
ed pair differential drive, Cjl mod should be doubled. 


Tave = average rise and fall times for power dissipa¬ 
tion calculations (see Table 3-23) 

Vdp = Supply voltage {V} 

Vq = The output voltage swing in volts (see Table 
3-23) at the operating frequency and the equiva¬ 
lent load condition. For unterminated lines, the 
total load capacitance should include the capac¬ 
itance for the specific line length of Cjl mod- 
For terminated lines, the load should include the 
termination resistor. 

Zq = is the characteristic impedance of the trans¬ 
mission line to AC ground for controlled imped¬ 
ance printed circuit board line. For twisted pair 
differential drive, Zq is the characteristic imped¬ 
ance between the two lines. {Q} 

Pg = The source coefficient of reflection 


Ps 


^o~^o 
^O ^o 


(3-24) 


For terminated lines, the external load resistor, Rl, 
will dissipate power as shown in Eq. (3-25). For single- 
ended lines with Rl connected to VDD/2, then Pext_rl 
is 1/4 the value calculated in Eq. (3-25). 


Vn 

Pext rl = {^IW} (3-25) 

The Pql term lumps the total load capacitance, in¬ 
cluding capacitance due to the package, with the typi¬ 
cal power dissipation capacitance, Cpd- Cp^ is a 
measure of internal capacitances given specifically for 
power consumption calculations. It provides a simpli¬ 
fied and accurate method for calculating an output pow¬ 
er dissipation caused by the switching through current. 

The Prl term is the power dissipated in the output 
device due to a termination or load resistor. It does not 
include the power dissipated in the load resistor itself 
(see Eq. (3-25)). 

The Pact term calculates the power due to active self¬ 
termination. A static current Is present when a CMTL 
output is terminated with the active network which re¬ 
sults in a DC power at low frequencies that can be cal¬ 
culated using Eq. (3-18). The Pune term in the equation 
is the power dissipated due to driving an unterminated 
transmission line. 

The Pline reaches a maximum power whenever the 
line delay is equal to a quarter wavelength (also 3/4T, 
5/4T, etc.) at which time the receiver voltage reaches a 
maximum along with the power. The Pune reaches a 
minimum power whenever the line delay is equal to a 
half wavelength (also T, 3/2T, etc.) at which time the 
driver appears to have zero line capacitance with the 
voltage at the driver and receiver being the same with 
no overshoot or undershoot. 


Table 3-23 CMTL (OD32TCMT) Output Characteristics Versus VDD 


VDD 


*act 

"•ave 

Vo {Volte} »C|.s 

:50pF 

llBlil 


pP 



■liHii 

100 MHz 

150 MHz 

Ohms 

2.97 

16.6 

0 

2.0 

0.94 

0.32 

0.25 

55 

3.30 

16.7 

0.10 

1.9 

1.05 

0.59 

0.43 

50 

3.63 

16.8 

0.19 

1.8 

1.17 

0.80 

0.60 

45 

4.00 

16.3 

0.90 

1.7 

1.38 

1.09 

0.92 

40 

4.50 

15.5 

1.80 

1.5 

1.58 

1.56 

1.25 

36 

4.75 

15.0 

2.79 

1.45 

1.72 

1.63 

1.45 

34 

5.00 

14.7 

3.70 

1.35 

1.83 

1.83 

1.65 

32 

5.25 

14.1 

4.60 

1.3 

1.95 

1.95 

1.81 

30 

5.50 

13.8 

5.60 

1.2 

2.10 

2.10 

2.00 

28 


Note: lact is the current for the value of Vq at 1.0 MHz. If Vq changes due to resistor or 
capacitive loading, the value of Igct also changes. 
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3.5.5.2.1 CMTL Power Example 

As an example of calculating Pcmtl assume that a 
differential CMTL driver (OD32TCMT) with active termi¬ 
nation (see Figure 3-8) is used for point to point com¬ 
munications driving an unterminated controlled 
impedance PCB lines having a Zq of 50 ohms. Assume 
Vdd = 5.0 V, f = 100 MHz, and Tl = 4.0 ns. From Table 
3-23, Rq = 32 ohms, l^ct = 3-7 mA, Cp^ = 14.7 pF, T^ve 
= 1.35 ns, and Vq = 1.83 V. Assume the package and 
fan-in capacitance is such that Cl = 5.0 pF/line. For f = 
100 MHz, T= 10.0 ns. 


From Eq. (3-16): 

PcL = (10 + 14.7) (1.83) (5) (100) 

= 22,600 |iW or 22.6 mW 

From Eq. (3-17) Prl = 0 since Rl is not used. 
From Eq. (3-18): 

P^^^ = (100) (5) (3.7) (10-2(1.35)) 

= 13,505 pW or 13.5 mW 
From Eq. (3-23): 

Since solving for n gives N = 0; then ^ ^ ^ 

or 2.5 <Tl<5 

= (0+1):^-4 = 1.0ns 


From Eq. (3-24): 


_ 32-50 
32 + 50 


- 0.22 


(1 - (-0.22) ) 

Pune = (100) (16.67) (5) (1.83)-^-^^ 

(1 + (- 0 . 22 )^) 

= 15,581 pW 

Interpolating for K = 2.5, P^ne = 18,172 pW or 18.2 
mW, but for differential drive, Pune 'T^ust be doubled 
since there are two lines. Use the value of 36.4 mW for 
line power. 

Therefore, the total CMTL power Is: 

= (22.6) + (0) + (13.5) + (36.4) 

= 72.5 mW 

As another example, assume that the previous exer¬ 
cise used a termination resistor of Rl = 100 ohms in or¬ 
der to match the two 50 ohm transmission lines. The 
loaded Vq can be calculated using the following equa¬ 
tion. 

= 1.12 Volts 

lact « 0.19 mA due to the reduced Vq amplitude 
which is approximately the same as V^q = 3.6 V (@ 1.0 
MHz) with no output load (see Table 3-23). 

From Eq. (3-16): 

P^L = (10 + 14.7) (1.12) (5) (100) 

= 13,832 pW= 13.83 mW 

From Eq. (3-17): 


From Eq. (3-21): 


K = 


10 

4(1) 


= 2.5 


Therefore Pline i^^ust be calculated for K = 2 
(Tl_mod 2 = 1*25 ns) and K = 3 (Tl mods = 0.833 ns) 
and then Interpolate for K = 2.5. 


From Eq. (3-20): 

Ctl_M 0 D 2 " ^ =25pFand 

f\ _ 0.833 _ ^ e i-iC 

'^TL.MODg - o 35 - 16-67 pF 


Prl = ='‘3.456 pW 


= 43.46 mW 
From Eq. (3-18): 

Pact = (100) (5) (0.19) (10-2(1.35)) 
= 694 pW or 0.69 mW 


Since the differential lines are terminated, Pune = 0, 
therefore the total power Is: 


CMTL 


1 3.83 + 43.46 + 0.69 = 57.98 mW 


The external power dissipated by Rl from Eq. (3-25): 


p - (1-12) yiq6 

*^EXT_RL “ 100 


From Eq. (3-19): 

PlinE2 = (100) (25) (5) (1.83) 


( 1 -(- 0 . 22 )^) 
(1 -H (-0.22)^) 


= 20,763 pW 


= 12,544 pW or 12.5 mW 

The CMTL on-chip power for the unterminated line 
(72.5 mW) is higher than the terminated line (57.98 
mW) at 100 MHz for Vqd = 5 volts. 
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3.6 DELAY ESTIMATION 

The switching characteristics (SC) data which is in¬ 
cluded on each macro data sheet (see example In Fig¬ 
ure 3-19) shows the nominal performance of the macro 
under typical conditions, but the SC tables can also be 
used in calculating delay paths under various condi¬ 
tions. The delay calculations described in this section 
are useful in estimating critical paths under any operat¬ 
ing condition. The following equations are the same as 
those used by the CAD system, except for certain sim¬ 
plifications and assumptions. A complete description of 
the delay and timing equations is available in application 
note AN 1093/D, Delay and Timing Methods for CMOS 
ASICs. 

3.6.1 Delay Equations 

The macro delay is dependent on the no-load delay, 
input rise/fall time delay, load delay and operating con¬ 
ditions. (Note that the RC delay Is neglected in these 
equations.) The rising and falling delay equations are: 

*PLH = (‘PLHO + ‘INP^ + Kl Cl„,,]PTV (3-27) 

VhL = (*PHL0-^‘|NP, + K2Cl,„]PTV (3-28) 
where: 

tpLHo. t PHLO = •'•sing and falling macro no-load 
delays (see Figure 3-19) 

t|NPp t|Npf = estimated input rise/fall time delay 
(Table 3-24) 

K1, K2 = rising and falling load sensitivity K-factors 
(see Figure 3-19) 

Clout = capacitive load on the output net {pF} 
(Table 3-27) 


PTV = process, temperature, and voltage scaling 
factors for 3.3V and 5.0V. (Table 3-25, Table 3- 
26) 

The input rise/fall time delay, of a macro is de¬ 
pendent on the output rise and fall time of the driving 
macro. The output rise and fall time of the driving macro 
can be determined by the following equations. 


V = trO^K3CLi, 


(3-29) 


tf = t,o + K4CLi, 


(3-30) 


where: 

W tfo = no-load output rise/fall times from driving 
macro (see Figure 3-19) 

K3, K4 = output rise/fall time K-factors from driving 
macro (see Figure 3-19) 

Cun = total capacitive load on the input net {pF} 
(Table 3-27) 


Table 3-24 Estimated Input Rise/Fall Time Delays 



VDD a 3.3 Volts 

VDD a 5.0 Volts I 

Time, 

Est. Rise 
Delay;; 

Est Fall 
Delay, 

^INPf 

Est. Rise 
Delay, 

^INPf 

Est Fall 
Delay, 

^NPf 

0.25 

-0.04 

-0.03 

-0.03 

-0 03 

0.50 

0 

0 

0 

0 

1.0 

0.08 

0.06 

0.05 

0.05 

2.0 

0.24 

0.18 

0.16 

0.15 

3.0 

0.40 

0.30 

0.27 

0.25 

4.0 

0.49 

0.37 

0.32 

0.30 

6.0 

0.67 

0.51 

0.42 

0.40 

8.0 

0.85 

0.65 

0.52 

0.50 


CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tptf = 1.00ns) Tj = 25.0"C (Nominal) all units are In ns. 


Sym 

Parameter 

5.0 V 

3.3 V 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

FO=0 

FO=2 

FO=8 

K (ns/pF) 




HK 



■bsobHIHI 

■sm 


0.90 





«^i:iQ 

fpHL 


|g£Q| 


am 

[SSEfd 




tpLH 

Propagation Delay, 

HESi 

Bfc| 






1.16 

tpHL 

CKto QB 

mmn 

mmum 


0.76 




0.92 

tpHL 

Propagation Delay, RB to Q 

EEEI 

Q3 


0.76 

liJQj 



0.93 

tpLH 

Propagation Delay, RB to QB 


giTsgl 



IilCT 

EISI 


1.16 

tr 

Output Rise Time, Q 

Qjgl 

IsSJj 


STiTicl 


ssai 

tf 

Output Fall Time, Q 

QQI 




SOB 


IsyiE 

► 1.41 

tr 

Output Rise Time, QB 

EiEI 

EESI 

mm 


ISUsI 




tf 

Output Fall Time, QB 

■i»El 



1.17 

Isssi 

■tJKFa 

0.77 

1.40 


Capacitance per fanout = 0.05 pF (metal capacitance is not included) 


Figure 3-19 Example Switching Characteristics Table 
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Table 3-25 3.3 V Process, Voltage, Temperature Scaling Factors (Normalized to Typical) 


Scaling Factora fat 3.3 Volts j 

Process 

Voltage 

Temperature "C | 

iHKOliil 

iiiiiiiii 

0(0.03) 

25(1.00) 

iiiiiiii 

05(1.16) 

125(1.26) 

Best 

<0.76) 

iiiiPiiili 

0.78 

0.82 

0.92 

0.99 

1.10 

1.14 

1.25 

3.00(1.12) 


0.71 

0.80 

0.85 

0.95 

0.98 

1.07 

3.30(1.00) 

0.60 

0.63 

0.71 

0.76 

0.85 

0.88 

0.96 

3.60(0.01) 

0.55 

0.57 

0.65 

0.69 

0.77 

0.80 

0.87 

4.00(0 JO) 

0.48 

0.50 

0.56 

0.60 

0.67 

0.69 

0.76 

lypical 

(1,00) 


1.03 

1.08 

1.22 

1.30 

1.45 

1.50 

1.64 


0.89 


1.05 

1.12 

1.25 

1.30 

1.41 

liisiiiiiii 

0.79 

0.83 

0.93 

1.00 

1.12 

1.16 

1.26 

it^^.oi) 

0.72 


0.85 


1.02 

1.05 

1.15 

4.00 (0.70) 

0.63 


0.74 


0.88 

0.91 


Worst 

(1.33) 

2.70 (1J0) 

1.37 

1.44 

1.62 

1.73 

1.93 

2.00 

2.18 

3.00(1.12) 

1.18 

1.24 

1.39 

1.49 

1.66 

1.72 

1.88 

3.30(1.00) 

1.05 

1.10 

1.24 

1.33 

1.49 

1.54 

1.68 

3.60(0.91) 

0.96 

1.00 

1.13 

1.21 

1.35 

1.40 

1.53 

4.00(0 JO) 

0.83 

0.87 

0.98 

1.05 

1.17 

1.22 

1.32 


Table 3-26 5.0 V Process, Voltage, Temperature Scaling Factors (Normalized to Typical) 



Process 

Voltage 


inepiiiii 

-40(0.63) 

0(0.93} 

iiiiiiiii 

iiiiiiiii 

85(1.16) 

liliHii 

Best 

(OJS) 

4.00(1.23) 

0.74 

0.78 

0.87 

0.93 

1.04 

1.08 

1.18 

4.50 (1.08) 

0.65 

0.68 

0.77 

0.82 

0.92 

0.95 

1.04 



0.66 

0.74 

0.79 

0.88 

0.92 

0.99 

5,00(1.00) 

0.60 

0.63 


0.76 

0.85 

0.88 

0.96 

5.25(0.07) 

0.58 

0.61 

0.69 

0.74 

0.82 

0.86 

0.92 

5.50(0.95) 

0.57 

0.60 


0.72 

0.81 

0.84 

0.91 

lyptcal 

(1,00) 


0.97 

1.02 

1.15 

1.23 

1.37 

1.42 

1.55 

iliililiii 

0.85 

0.90 

1.01 

1.08 

1.21 

1.25 

1.36 

4.75(1.0^ 

0.83 

0.86 

0.97 

1.04 

1.16 

1.20 

1.30 

5.00(1.00) 

0.79 

0.83 

0.93 

1.00 

1.12 

1.16 

1.26 


0.77 

0.81 

0.90 

0.97 

1.08 

1.12 

1.22 

5.50(0.95) 

0.75 

0.79 


0.95 

1.06 

1.10 

1.20 

Worst 

(1.33) 

4.00(1.23) 

1.29 

1.36 

1.53 

1.64 

1.83 

1.89 

2.06 

4.50 (1.08) 

1.14 

1.19 

1.34 

1.44 

1.61 

1.66 

1.81 

ii,75(1.04) 

1.10 

1.15 

1.29 

1.38 

1.54 

1.60 

1.73 

5.00(1.00) 

1.05 

1.10 

1.24 

1.33 

1.49 

1.54 

1.68 

5.25 (0.97) 

1.02 

1.07 

1.20 

1.29 

1.44 

1.50 

1.62 

5.50 (0.95) 

1.00 


1.18 

1.26 

1.41 

1.46 

1.59 
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Table 3-27 Metal and Total Load Capacitance Based on Array and Fanout 


Afray 

Metaf A Load 


Cap.{pF} 

1 


■jail 




iiiiiim 

H4CP026 

■■M 

0.16 

Kgs 




1.28 

2.02 


0.21 




mm 

2.03 

3.27 

H4CP048 

Cm 

0.18 



0.68 

1.06 

1.46 

2.32 


0,23 



0.98 

1.56 

2.21 

3.57 



mgs 


■mil 

g^gl 

1.30 

1.80 

2.85 

BEBEBBi 


ISil 



1.80 

2.55 

4.10 



0.24 

■ggi 

0.67 

0.97 

1.41 

1.99 

3.08 


0.29 


0.87 

1.27 

1.91 

2.74 

4.33 

mmn 


0.25 

0.38 

0.70 

1.02 

1.48 

2.08 

3.22 

■BlHiilii 

0.30 

0.48 

0.90 

1.32 

1.98 

2.83 

4.47 

H4CP178 


0.27 

0.42 

0.77 

1.11 

1.61 

2.27 

3.52 


0.32 

0.52 

0.97 

1.41 

2.11 

3.02 

4.77 


Note: Cm = typical metal capacitance per array; Cup, OlquI = + (fanout)* 0.05. 


5.0 V logic 


3.3 V logic VDD = 3.0 V 


CKIN 


ICXN 

K> 


©HD 
CK 


QBU 


Net Fanout = 6 


RB 

-T“ 




ONL16 

—'^SOpF 


OUT 


Figure 3-20 Example Delay Path 


3.6.2 Example Delay Calculation 

The delay calculation for path CKIN to OUT In Figure 
3-20 is demonstrated below. The assumptions are: P = 
worst-case, T = 70° C, VDD = 3.0 V, tf = 1.0 ns at CKIN, 
and the array Is an H4CP109. The values for the no-load 
delays (tpLHo» ^phlo) K-factors can be found in the 
Switching Characteristics (SC) tables in Section 7 for 
macros ICXN, DFFRP, NAN2, and ONL16. 

The input signal swing to macro ICXN is 5.0 V and the 
core logic is 3.3 V, with a 3.3 V output macro. Each delay 
calculation must take Into account the logic signal swing 
and the associated VDD voltage. For I/O macros there 
are four possible logic signal swings to consider and as¬ 
sociated VDD voltages and for the core macros only two 
logic swings and associated VDD voltages are possible. 

Only the rising edge will trigger the clock input of 
DFFRP and the path is CKIN to the CK input of DFFRP. 
The DFFRP CK input Is non-inverting, therefore only the 
rising edge will be calculated for the input path to 
DFFRP input CK. The path from DFFRP Q output to the 
OUT pin will have both rising and falling edges 
calculated. 


3.6.2.1 Delay from CKIN to Node A 

The signal at CKIN is a 5.0 V logic swing with a rise 
time of 1.0 ns and the signal at point A is a 3.3 V logic 
swing. The macro type is ICXN with VDD = 3.0 V 
since ail input macros are tied to the core power bus. 
The Input ESD diode is connected to 5.0 V because it 
Is interfacing to a 5.0 V logic level. The correct SC ta¬ 
ble for this macro has a heading of 5.0/3.3 V. The ris¬ 
ing edge delay time is calculated by using Eq. (3-27). 

tpLH = (0.39 + 0.05 + 0.15(1.27)) 1.66 = 1.05ns 

where: 

The first term tpLHo ‘s the rising macro no-load de¬ 
lay. This number is from the ICXN SC table. tpLHo = 
0.39 

The term t|Np Is the input rise time delay. This num¬ 
ber is from Table 3-24, for a 1.0 ns rise time, tj^p = 
0.05 

The third term K1 (C|_out) is composed of two parts. 
The first K1 is the rising load sensitivity K-factor and 
is from the ICXN SC table. The other part Cloui is the 
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capacitive load on Node A and is determined from Table 
3-27, for array type H4CP109 with a fanout of 6. 

K1 =0.15, CLout=1-27 pF 
The last term, PTV, Is from Table 3-25. PTV = 1.66 

3.6.2.2 Delay from Node A to Node B 

From this point on two cases must be considered. 
Casel is when DFFRP output Q is a rising edge and 
case 2, when DFFRP output Q is a falling edge. Each 
case will retain the phase information through out this 
example, so that case 1 and 2 may be summed at the 
end, for a total input output delay for each output edge. 

Case 1: 

The signal at A is a 3.3 V logic swing with an un¬ 
known rise time and a fanout of 6. The signal at point B 
is a 3.3 V logic swing. The macro type is DFFRP, and 
the SC table heading is 3.3 V. The rising edge delay 
time will be calculated, but first the input rise time of the 
driving signal at point A needs to be calculated. 

Node A rise time is calculated by using Eq. (3-1). 

t^ = 0.15 + 0.35(1.27) = 0.59ns 

where: 

The first term Is the no-load output rise time from 
the driving macro, ICXN. This number is determined 
from the ICXN SC table, t^g = 0.15 
The next term K3(CLin) ‘s composed of two parts, the 
first, K3, is the output rising time K-factor and is deter¬ 
mined from the ICXN SC table. The other part, Cyp, Is 
the capacitive load on Node A, Is determined from Table 
3-27, for array type H4CP109 with a fanout of 6. 

K3 = 0.35, CLin = 1.27 pF 

Now that the rise time of node A is known. The rising 
edge delay time is calculated by using Eq. (3-27). 

tpLH = (1.23 + 0.01 +1.17(0.29)) 1.66 = 2.62ns 

where: 

The first term tpLHo ‘s the rising macro no-load delay. 
This number is determined from the DFFRP SC table. 
tpLHO = -23 

The term t iNp^ is the Input rise time delay. This num¬ 
ber is determined from Table 3-24, using the 0.59 ns 
rise time that was calculated above, t i^p^.« 0.01 
The third term, KI(CLout). is composed of two parts, 
the first, K1, is the rising load sensitivity K-factor and is 
determined from the DFFRP SC table. The other part, 
^Lout’ is the capacitive load on Node B and is deter¬ 
mined from Table 3-27, for array type H4CP109 with a 
fanout of one. K1 = 1.17, Clout = 3-29 pF 
The last term PTV is from Table 3-25. PTV = 1.66 


Case 2: 

The signal at A is a 3.3 V logic swing with a 0.59 ns 
rise time as calculated above in Case 1. The signal at 
point B is a 3.3 V logic swing. The macro type Is DFFRP, 
and the SC table heading is 3.3 V. The falling edge de¬ 
lay time will be calculated, by using Eq. (3-28) with a 
small change. The second term t i^p^ Is changed to the 
rising edge t i^p^ because only the rising edge will trig¬ 
ger the clock Input of macro DFFRP. 

tpHL = (1.32 + 0.01 +0.92 (0.29)) 1.66 = 2.65ns 

Where each term Is determined similarly as in case 1. 

3.6.2.3 Node B to Node C 

Two cases need to be considered. Case 1 is when the 
NAN2 output is a falling edge and case 2, when the 
NAN2 output is a rising edge. 

Case 1: 

The signal at B Is a 3.3 V logic swing with an unknown 
rise time and a fanout of one. The signal at point C is a 

3.3 V logic swing. The macro type is NAN2, and the SC 
table heading is 3.3 V. 

First, the input rise time of the driving signal at point 
B must be calculated. The input signal is inverted prop¬ 
agating through macro NAN2, so the falling output delay 
calculation requires that the input rise time be used. 
Node B rise time is calculated by using Eq. (3-1). 

t^ = 0.23 + 3.42(0.29) = 1.22ns 

Where each term is determined similarly as previous¬ 
ly described. 

Now that the rise time of node B is known, the falling 
edge delay time will be calculated by using Eq. (3-28) 
with a small change. The second term, t iNp^, Is changed 
to the rising edge t i^p because of the Input edge being 
inverted as it passes through macro NAN2. 

tpHL = (0.34 + 0.12 + 1.50(1.14))1.66 = 3.61ns 

Where each term Is determined similarly as previous¬ 
ly described. 

Clout‘s the capacitive load on Node C. The load on 
Node C is equivalent to one ONL16 plus the metal for a 
fanout of one. 

Use the equation below to find the capacitive load on 
Node C. 


Clout = 0-90 + 0.24 = 1.14pF 
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where: 

The first term is IPC of the output macro. This num¬ 
ber is determined from the ONL16 input capacitance ta¬ 
ble. IPC = 0.90 

The last term is from Table 3-27. Cm = 0.24 

Case 2: 

The signal at B is a 3.3 V logic swing with an un¬ 
known fall time and a fanout of one. The signal at point 
C is a 3.3 V logic swing. The macro type is NAN2, and 
the SC table heading is 3.3 V. 

First, the input fall time of the driving signal at point B 
must be calculated. Node B fall time is calculated by us¬ 
ing Eq. (3-30). 

t^ = 0.21 +1.41 (0.29) = 0.62ns 

Where each term is determined similarly as previ¬ 
ously described. 

Now that the fall time of node B is known, the rising 
edge delay time will be calculated by using Eq. (3-27) 
with a small change. The second term, t i^p^., is 
changed to the falling edge t nsjp^ because of the input 
edge being inverted as it passes through macro NAN2. 

tpLH = (0.17 + 0.01 +1.15(1.14)) 1.66 = 2.48ns 


Clout is the capacitive load on Node OUT. The load 
on Node OUT is 50 pF. Clout = 50 pF 

All other terms are determined similarly as previously 
described. 

Case 2: 

The signal at C is a 3.3 V logic swing with an un¬ 
known rise time and a fanout of two. The signal at point 
OUT is a 3.3 V logic swing. The macro type is ONL16, 
and the SC table heading is 3.3 V. 

First the input rise time of the driving signal at point 
C must be calculated. Node C rise time is calculated by 
using Eq. (3-1). 

= 0.29 + 3.44(1.14) = 4.21ns 

Where each term is determined similarly as previ¬ 
ously described. 

Now that the rise time of node C is known, the rising 
edge delay time will be calculated by using Eq. (3-27). 

tpLH = (0.71 +0.53 + 0.02(50)) 1.66 = 3.71ns 

Cloui's the capacitive load on Node OUT. The load 
on Node OUT is 50 pF. Cloui = 50 pF 

All other terms are determined similarly as previously 
described. 


Where each term is determined similarly as previ¬ 
ously described. 

3.6.2.4 Node C to Pad OUT 

Two cases need to be considered. Case 1 is when 
the ONL16 output is a falling edge and case 2, when 
the ONL16 output is a rising edge. 

Case 1: 

The signal at C is a 3.3 V logic swing with an un¬ 
known fall time and a fanout of two. The signal at point 
OUT is a 3.3 V logic swing. The macro type is ONL16, 
and the SC table heading is 3.3 V. 

First, the input fall time of the driving signal at point C 
must be calculated. Node C fall time is calculated by us¬ 
ing Eq. (3-30). 


3.6.2.5 The Total Path Delay 

The total delay from CKIN to OUT is the sum of the 
delays across each macro. The two cases are not iden¬ 
tical because the rising and falling delays are not the 
same. The general equation is: 


V(CKINtoA) "^VcAtoB) 
V(BtoC) V(CtoOUT) 


For Case 1 the delay total is: 

Xtp = 1.05 + 2.62 + 3.61 +3.53 = 10.81ns 


For Case 2 the delay total Is: 

Xtp = 1.05 + 2.65 + 2.48 + 3.71 = 9.89ns 


t^ = 0.22 + 2.54(1.14) = 3.12ns 

Where each term is determined similarly as previ¬ 
ously described. 

Now that the fall time of node C is known, the falling 
edge delay time will be calculated by using Eq. (3-28). 

tpHL = (0.82 + 0.31 +0.02 (50)) 1.66 = 3.53ns 


3.7 METALLIZED SRAMs 

The H4CPIUS Series library includes a family of asyn¬ 
chronous single-, dual-, and quad-port metallized 
SRAM blocks up to 2304 bits. Single-port SRAMs are 
designed for low-power and dual-port SRAMs are opti¬ 
mized for high-speed. A comprehensive guide to using 
these blocks and their performance is shown in the 
SRAM macro data sheets in Section 7.5. 
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Table 3-28 Features of Metallized SRAMs 


Feature 

Metal Rama 

Strobe 

Asynchronous 

Ports 

Single, Dual, Quad 

Construction 

Gate-array Based 

Max. Words 

64 (SP) 

Bits/Word 

9-72 (DP) 

Max. Block Size 

2304 bits 

Min. Gate Density 

~3 gates/bit 

Availability 

fixed sizes 

Routing Impact 

M2 partial, M3 open 


Table 3-29 Sizes of Metallized SRAMs 



Single-Port, 

Low-Power 

Duai-Port, 

High-Speed 

Quad-Port 

8x8 

8x9 

16x18 

8x18 

8x18 

16x36 

16x8 

8x36 

32x18 

16x18 

8x72 

32x36 

16x36 

16x9 


32x8 

16x18 


32x18 

16x36 


32x36 

16x72 


64x18 

32x9 


64x36 

32x18 



32x36 



32x72 



3.7.1 Multiple Memory Blocks 

It is possible to combine two or more memory blocks 
to create larger memory blocks. When multiple memory 
blocks are used, the customer is responsible for creat¬ 
ing the external decoder logic needed. The maximum 
number of SRAM blocks on an array is restricted to 16, 
depending on array/SRAM sizes. 

3.7.2 Array Sizing 

To choose an array into which a design with 
SRAM(s) will fit, two considerations must be evaluated: 
the physical size/layout of the SRAM(s) and the gate 
utilization. This information is given in the SRAM macro 
data sheets in Section 7.5. 


3.8 ANALOG PHASE LOCKED LOOP 

Motorola’s analog phase locked loop (APLL) optimiz¬ 
es ASIC and system-level clock skew by reducing in¬ 
sertion delay and providing frequency multiplication. 
Clock skew Is caused by the difference in insertion de¬ 
lay required for the system clock to propagate into each 
IC. Further, insertion delay into an IC is dependent on 
the load of the Internal clock tree and the input edge 
rate. The APLL controls IC-to-IC clock skew by syn¬ 
chronizing their internal clocks with the system clock. 
For further description regarding the use of the APLL for 
maximizing operating frequencies see application note, 
AN1522/D, Analog Phase-Locked-Loop for H4CPIus 
and M5C Arrays. 

Motorola’s Analog PLL Features: 

• Supported output clock rates (FVCO): 

60 to 160 MHz® 3.3 V 

70 to 250 MHz @ 5.0 V 

• Lock Time < 25 ps 

• Input reference frequency: 

FREF = FVCO/N where N <16 

• ± 200 ps jitter 

• Phase Error ± 50 ps single-ended input 

• Phase Error ± 200 ps differential input 

• No external components required 

• Insertion delay reduction 

• Frequency multiplication 

• Application note available 


Table 3-30 APLL Macro Selection Guide 


Macro 

VDD 

Ciock input 

N«FVCO/FRSF 

APL1 

3.3 V 

Single-ended 

(CMOS) 

1 <N<4 

APDL1 

3.3 V 

Differential 

(PECL) 

1 <N<4 

APL2 

3.3 V 

Single-ended 

(CMOS) 

5<N<16 

APDL2 

3.3 V 

Differential 

(PECL) 

5<N<16 

API 

5.0 V 

Single-ended 

(CMOS) 

1 <N<4 

APD1 

5.0 V 

Differential 

(PECL) 

1 <N<4 

AP2 

5.0 V 

Single-ended 

(CMOS) 

5<N<16 

APD2 

5.0 V 

Differential 

(PECL) 

5<N<16 
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Figure 3-21 Analog PLL Macro Symbols 


3.8.1 General Description 

Two basic versions of the APLL are offered. A normal 
CMOS single-ended clock input version (FREF), and a 
PECL differential clock input version (FREF and 
FREFB). In addition, different versions exist for 3.3 V 
and 5.0 V cores as well as for the integer multiple (N) 
between output and input reference frequencies. All to¬ 
gether, eight combinations of the APLL exist and are 
summarized in Table 3-30. As an example, if an APLL Is 
desired to operate with a 3.3 V core, single-ended (S.E.) 
clock input and with an integer multiple of 10 (FREF = 
FVCO/10), the APL2 macro would be selected. 

On arrays which use 3.3 V and 5.0 V power simulta¬ 
neously, the APLL I/O’s are powered by the same sup¬ 
ply as the array core. 


3.8.2 APLL Macrocell Descriptions 

The APLL macro symbol is shown in Figure 3-21 and 
Is supported In Motorola’s H4CPIus Series library. Three 
test pins are utilized to bypass the APLL to test the core 
logic and to test the APLL. The three test pins are tied to 
AVSS in the application. Table 3-31 contains a descrip¬ 
tion of the six (seven for differential PECL) fixed I/O pins 
for the APLL. Table 3-32 describes the five APLL signals 
which interface to the array core. Up to two APLL’s may 
be used on an array. If one APLL is used, PI must be 
appended to the array name in designjnfo and the 
APLL is located in the lower left corner of the die. If two 
APLL’s are used, P2 is appended to the array name and 
the second APLL is located in the upper right corner of 
the die. 


Table 3-31 Analog PLL Pin Description 


Pin Name 

Description 

TESTSEL 

Test Select (for test only) 

TESTOUT 

Output Frequency (for test only) 

VCOCTL 

VCO control voltage (for test only) 


Pin Name 

Description 

AVDD 

Analog VDD Supply (for low noise) 

AVSS 

Analog VSS Supply (for low noise) 

FREF 

Reference Frequency Input (CMOS and PECL) 

FREFB 

Reference Frequency Input (PECL) 
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Table 3-32 Analog PLL Core Signal Descriptions 


Signal Name 

Description 

FVCO 

VCO output 

FVCO_DIV2 

VCO output + 2 


Signal Name 

Description 

FFB 

Input to the phase det. from clock tree 

FREF_CORE 

Output to the Core from the Input Buffer 

FREF_MUX 

Input to the phase det. from ref. freq. 
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Board-Level 
System Clock 


CIRCUIT 

BOARD 



Figure 3-23 Clock Distribution with APLL 


Figure 3-22 shows the lower left corner of an 
H4CPIUS array with a PECL Differential APLL. All of the 
circuitry is located inside the thick black line and uses 
four (five with PECL input) I/O cell sites. For single-end¬ 
ed APLL macros, signal FREFB is not used and TEST- 
SEL is placed In that location. Only the first three die 
pads and I/O cells are used on the left side of the die 
with a single-ended clock Input (FREF). 

Figure 3-23 contains a typical application of the 
APLL. The divider blocks (+ L and + M) are used to ad¬ 
just for desired clock frequencies and to center the 
APLL FVCO and FVCO_DIV2 outputs. The PLLDELAY 
macro is a delay element for matching the delay of the 
M divider block when M > 1. As an example, assume a 
5.0 Volt core, and a 40 MHz clock tree is desired. With 
an input reference frequency of 20 MHz, L = 2 and M = 
2. By selecting N = 8, (2 x 2 x 2), the FVCO_DIV2 Is 
forced to 80 MHz. This is approximately the middle of 
the operation frequency range, since the FVCO_DIV2 
range is between 35 and 125 MHz. (In this example 
macro PLLDELAY is used to adjust delay times.) 


3.8.3 APLL Operation 

Figure 3-24 contains a block diagram of the APLL 
macro. Basically, the APLL is a classical second order 
system that compares the phase of the input reference 
clock (FREF) with the phase of the feedback signal 
(FFB), and adjusts the phase of the FFB signal to be 
locked in phase and frequency with the FREF signal. It 
uses a type IV phase/frequency detector that sends 
correction pulses to a charge pump. The charge pump, 
based on the correction pulses, either adds or subtracts 
charge from the on-chip passive loop filter, thereby al¬ 
tering the control voltage of the VCO. The VCO, in turn, 
produces a different phase and frequency which is fed- 
back to the phase detector. Correction pulses are gen¬ 
erated until the APLL is locked. Frequency 
multiplication is easily implemented by putting a digital 
divider In the feedback path. 
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Figure 3-24 APLL Block Diagram 


3.9 JTAG BOUNDARY SCAN 

JTAG is a standardized boundary scan methodology 
used for board-level testing to detect faults in package 
and board connections, as well as internal circuitry. In 
1985, a group of European companies (Joint Test Ac¬ 
tion Group) developed a method of system test which 
was later standardized. This standard, IEEE 1149.1, 
defines testing of interconnections between ICs, inter¬ 
nal 1C circuitry, and observing and modifying normal cir¬ 
cuit operation. 

Motorola fully supports the IEEE 1149.1 standard 
with a complete family of JTAG I/O buffers and JTAG 
control functions. 

A complete guide to the use of Motorola’s JTAG Is 
available in an application note, AN1500/D, IEEE Std. 

1149.1 Boundary Scan for H4C™ Arrays With 
H4CPIus^^ Supplement 

3.9.1 General Description 

The minimum IEEE 1149.1 JTAG architecture, see 
Figure 3-25, consists of a Test Access Port, TAP con¬ 
troller, scannable instruction register, bypass register, 
and boundary scan register. Device ID and design test 
registers are optional. 


3.9.1.1 TAP and I/O Periphery Signals 

The Test Access Port (TAP) provides access to on- 
chip test structures and consists of five externally ac¬ 
cessible signals which are used to control and observe 
boundary scan test data. (An additional pin is required 
if Mustang ATPG is used.) 

TCK is the test clock used to synchronize all JTAG 
functions and allow test data flow independent of the 
system clock. The Test Mode Select signal, TMS, con¬ 
trols the operation of the JTAG circuitry by controlling 
the TAP controller. TRSTB is an optional reset Input for 
the TAP controller. TDI and TDO are the Test Data Input 
and Output ports for test instructions and data. 

Six internal JTAG signal lines encircle the periphery 
of the array to provide efficient interconnection for the 
JTAG I/O macrocells. These signal lines include CKDR, 
SHDR, UDDR, IMG, OMC, and TDI/TDO (TDI and TDO 
share the same signal network). Except for TDI/TDO, 
these signals require special buffers to interface the I/O 
periphery with the JTAG logic within the core. 
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Motorola JTAG Features: 

• IEEE 1149.1 standard 

• Minimum impact on silicon area and performance 

• Mustang and FastScan ATPG compatible 

• Only four pins are required for JTAG signals 



■ 

■ 

INSTRUCTION 

DECODE 





■ 

IHBI 


m 



BOUNDARY SCAN 
REGISTER 


DEVICE ID 
REGISTER 


DESIGN TEST 
REGISTER 


BYPASS 

REGISTER 


h 



JTAG CLOCK AND 
CONTROL SIGNALS 


Figure 3-25 Simplified JTAG Functionai Diagram 


3.9.1.2 JTAG Controi and Test Registers 

The TAP Controiler (FMC_TAPC) is a synchronous, 
16-state machine which controls and manages the 
mode of operation for the test circuitry, see Figure 3-26. 
An example of the operation of the tap controller is 
shown in Figure 3-27 where the TAP controller is se¬ 
quenced through most of its test states. The TAP con¬ 
troller (FMC_TAPC) is a soft macro that is placed as a 
unit. 

The Instruction Register encodes various public 
and private instructions defining which test registers are 
used and the serial test data register path between TDI 
and TDO. Public instructions are defined by the 1149.1 
specification to perform several basic tasks, see Table 
3-33. Ex/esf checks the board interconnections between 
components. Intest is used to perform tests on the inter¬ 
nal logic of the ASIC, Sample allows the normal opera¬ 
tion of the ASIC while sampling external I/O signals, 
IDcode selects the Device ID register to extract the iden¬ 
tification code, and Bypass selects the Bypass register 
to redirect the test data from TDI directly to TDO, effec¬ 
tively removing the IC from the boundary scan chain. 


Private Instructions are defined by the user to perform 
additional tasks as needed. The Instruction Register is 
configured from MC_IREG or MC_IREG4 macros to 
provide the necessary number of instruction bits. 

The Instruction Decoder Is user-defined and trans¬ 
lates the instructions into separate signals for controlling 
the test registers and register multiplexer. 

The Boundary Scan Register is the chain of JTAG 
I/O macrocells that are linked together to form a shift 
register around the periphery of the array. This register 
enables non-intrusive monitoring of I/O signals and the 
scanning of predetermined patterns into the register to 
produce a known condition in the I/O buffers. Test data 
enters the boundary scan register through the TDI port, 
then is shifted around the array through each JTAG I/O 
cell In a counterclockwise direction, and finally exits 
through the TDO port. Non-JTAG I/O macrocells and 
unused I/O sites are not part of the boundary scan reg¬ 
ister, and therefore are transparent to the test data 
movement. 
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Figure 3-27 Example Timing Diagram for JTAG Test Cycle 
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Table 3-33 Public Instructions 


Insirucfion 
Register Bits 

Instruction 

Register 

Mode 

III 


ill 

0 

6 

0 

Extest* 

Boundary Scan 

Test 

0 

0 

1 

intest 

Boundary Scan 

Test 

0 

1 

0 

Sample* 

Boundary Scan 

Normal 

0 

1 

1 

Optional 

1 

0 

0 

IDcode I Device ID | Normal 

1 

0 

1 

Optional 

1 

1 

0 

Optional 

1 

1 

1 

Bypass* | Bypass | Normal 


* Required 


The Bypass Register is a single-bit shift register 
used to provide the shortest path between TDI and 
TDO. This enables the scan chain of one ASIC to be 
minimized so that another component may be more 
easily tested. The Bypass register is implemented us¬ 
ing a BPREG macro. 

The Device Identification Register is a 32-bit regis¬ 
ter which holds a manufacturer’s Identity code, part 
number and version code. The bit assignment for the ID 
code is given in Table 3-34. Customers must use a 
Motorola assigned JTAG identification numbers. 
Please contact a Motorola sales representative for in¬ 
formation. 


Table 3-34 IDREG ID Codes 


Bit# 

Code Use 

0-11 

Motorola Inc. Identification 

12-21 

Sequence Number 

22-27 

Motorola ASIC Identification 

28-31 

Version Number 


Design Test Registers are design-dependent and 
are optionally used to provide additional design-specific 
testability. Various forms of scan methodologies, In¬ 
cluding Edge/Level Sensitive Scan Design (ESSD/ 
LSSD) and Built-In Self Test (BIST), can be used. 

3.9.2 General Design Guidelines 

The following guidelines are presented here to pro¬ 
vide a general view of JTAG design requirements. 
Guidelines for Designing with JTAG: 

• Special design rules apply depending on array 
size, speed requirements, and Mustang ATPG 
compatibility for ESSD/LSSD scan. 


• When using the ISS2000™ tester, TDI, TDOUT, 
TMS and TCK I/O macros must each be 
assigned to a “scannable” package pin Identified 
by an asterisk (*) in the pad-to-pin cross-refer¬ 
ence tables. 

• All JTAG output buffers have high-drive versions 
available for greater current capacity. 

• All JTAG I/O macros must comply with standard 
ERC (electrical rule checks) for non-JTAG I/O. 

• Some JTAG macros require either an I/O site 
without a bonding pad or an I/O site whose pad 
is not assigned to a package pin. 

3.10 H4CPIUS Versus H4C Performance 

Major performance improvements have been 
achieved in the design of H4CPIus in comparison to 
H4C. The performance improvements are in the output 
drive strength (IDS) of the devices. However, because 
device sizes are the same, major Intrinsic delay im¬ 
provements are not expected. There are four factors 
which contribute to the Internal macro Improvements. 

1. The drive factor for H4CPIus is better. 

2. Input gate loading capacitance is lower (0.05 
v.s. 0.06 pF). 

3. Routed metal capacitance Is lower. 

4. Typical rise time will be faster than H4C. 

The combination of these factors result in better rise/ 
fall times and therefore better performance. This perfor¬ 
mance improvement has been verified in test cases us¬ 
ing Verilog and Decal. Improvement can also be 
verified by running a timing simulation on critical nets 
using the Motorola OACS system. 

Data published in the reference guides may not al¬ 
ways seem to support the performance improvements. 
The reason for this Is in data presentation. The 
H4CPIUS library data uses a more accurate measure¬ 
ment for voltage input threshold (0.4 X VDD), where in 
H4C VDD/2 was used for the AC measurement. The 
major difference In the generation of the data within the 
reference guides Is in the balanced “B” macros (i.e. 
NAN2B). The “B” type macros were not characterized 
at their actual threshold of 2.5 V for H4CPIus, and 
therefore the two edges will appear unbalanced. 
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SECTION 4. PACKAGES AND ARRAY FLOORPLANS 

4.1 PACKAGE SELECTION 


Table 4-1 Package Selection 


ARRAY NAME 

H4CP028 


IWP075 

H4CP109 

H4QP146 

H4CP17$ 

CDA Array (Die Size) 

239 


337 

391 

438 

476 

# of I/O Cells 

160 


256 

312 

360 

400 

# of Programmable Signal or Power and 
Ground Pads* 

156 

■■ 

212 

252 

280 

304 

# of Dedicated Power and Ground Pads* 

20 

32 

44 

52 

64 

72 




1111— 




128 QFP (CU) Q 

160 QFP (CU) Q 

208 QFP (CU) Q 

240 QFP (CU) 

A,F 

A 

A,F 

A.F 

A 

A,F 

A,F 

A,F 

A,F 

A,F 



160 MicroCool (CD) Q 

208 MicroCool (CD) Q 




LL Li- 
< < 

A,F 

A.F 

A,F 

A,F 

169 OMPAC (CU) Q 

225 OMPAC (CU) Q 

313 OMPAC (CU) 

A 

A 

A 

A 

A 

A 

P 

A 

P 

A 


^Numbers indicate Wirebond pads availability 

QFP: Plastic Quad Flat Pack (CU) denotes Cavity Up (CD) denotes Cavity Down 
MicroCool; QFP-type package with heat slug 

All QFPs and MicroCools are manufactured with Molded Carrier Ring (MCR) 

OMPAC: Over-Molded Pad Array Carrier, a PGA type package with solder balls Instead of pins, 

Prototypes for the 169 and 225 OMPAC are supplied in a GTPAC package (see Page 4-70 and Page 4-75 
for mechanical drawings) 

A- Available 

F- Flexible power pin assignment. 

P- Planned. 

Q- Qualified. (Consult factory for qualification status) 

Note: The 225 OMPAC package is limited to the following three combinations of mixed (System/Core) power combinations: 
5 V/5 V, 3 V&5 V/5 V, andS V/3 V. 
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4.2 PACKAGE THERMAL AND POWER INFORMATION 


Table 4-2 Estimated Theta Junction to Ambient for Packages 


Package 

H4CP Array 

Die Size 

Cavity/ 
Flag Size 

Thermal Reeietaace - Junction to Ambient (RaiA) 

Free Air 

rooLFM 

200 LFM 

300 LFM 

SOO LFM 

128 QFP (CU) ♦ 

H4CP028 

239 X 239 

300 X 300 

31.6 


28.0 

27.2 


160QFP(CU) ♦ 

H4CP028 

239 X 239 

380 X 380 

31.8 



27.2 


128 QFP (CU) ♦ 

H4CP048 

287 X 287 

300 X 300 

30.7 



26.2 


160QFP(CU) ♦ 


287 X 287 

350 X 350 

30.9 

28.5 

27.1 



208 QFP (CU) ♦ 

H4CP048 

287 X 287 

380 X 380 

28.6 

26.0 

25.2 

24.7 

24.2 

128 QFP (CU) ♦ 

H4CP075 

337 X 337 

350 X 350 

27.9 

25.5 

24.0 

23.2 

22.3 

160 QFP (CU) ♦ 

H4CP075 

337 X 337 

400 X 400 

28.0 

25.7 

24.2 

23.4 

22.5 

208 QFP (CU) ♦ 

H4CP075 

337 X 337 

380 X 380 

27.6 

25.0 

24.2 

23.7 

23.2 

160 QFP(CU) ♦ 

H4CP109 

391 X 391 

450 X 450 

25.2 

23.0 

21.4 

20.7 

19.8 

208 QFP(CU) ♦ 

H4CP109 

391 X 391 

450 X 450 

24.9 

22.3 

21.5 

21.0 

20.5 

240 QFP(CU) A 

H4CP109 

391 X 391 

453 X 453 

21.0 

17.7 

16.5 

15.7 

13.2 

160 MicroCool (CD) ♦ 

H4CP109 

391 X 391 

452 X 452 

16.1 



13 

11.5 

208 MicroCool (CD) ♦ 

H4CP109 

391 X 391 

452 X 452 

16.2 

14.9 


13.0 

11.6 

160 MicroCool (CD) ♦ 

H4CP146 

438 X 438 

535 X 535 

16.0 

14.7 

13.6 

12.8 

11.4 

208 MicroCool (CD) ♦ 

H4CP146 

438 X 438 

535 X 535 

16.1 

14.8 

13.6 

12.9 

11.5 

160 MicroCool (CD) ♦ 

H4CP178 

476 X 476 

535 X 535 

15.8 

14.6 

13.4 

12.7 

11.3 

208 MicroCool (CD) ♦ 

H4CP178 

476 X 476 

535 X 535 

15.9 

14.6 

13.5 

12.8 

11.3 

169 OMPAC (CU) ♦ 

H4CP028 

239 X 239 

278 X 278 

28.2 

24.1 

22.8 

21.9 

21.0 

169 OMPAC (CU) ♦ 

H4CP048 

287 X 287 

296 X 296 

27.0 

23.1 

21.8 

21.0 

20.0 

225 OMPAC (CU) ♦ 

H4CP048 

287 X 287 

296 X 296 

24.0 

20.4 

18.9 

18.1 

16.8 

169 OMPAC (CU) ♦ 

H4CP075 

337 X 337 

347 X 352 

23.9 

20.5 

19.3 

18.6 

17.8 

225 OMPAC (CU) ♦ 

H4CP075 

337X337 

347 X 352 

23.1 

19.6 

18.2 

17.4 

16.1 

225 OMPAC (CU) ♦ 

H4CP109 

391 X 391 

431 X 431 ' 

22.2 

18.8 

17.5 

16.7 

15.5 

313 OMPAC (CU) A 

H4CP109 

391 X 391 

431 X 431 

22.2 

18.8 

17.5 

16.7 

15.5 

313 OMPAC (CU) A 

H4CP146 

438 X 438 

478 X 478 

21.1 

17.9 

16.6 

15.9 

14.7 

313 OMPAC (CU) A 

H4CP178 

476 X 476 

515X515 

20.1 

17.0 

15.8 

15.1 

14.0 


Note; See conditional information regarding power dissipation in section 4.3 

QFP: Plastic Quad Flat Pack MCR: Molded Carrier Ring (CD) 

MicroCool: QFP-Type Package with heat slug 

OMPAC™: Over-Molded Pad Array Carrier, a PGA type package with solder balls instead of pins 

♦: Actual, thermal test die used and characterized using a 
n/a = not available at this time thermally enhanced test board. 

(CD) Denotes Cavity Down 

(CU) Denotes Cavity Up Preliminary information. 

Note: Die and Cavity/Flag size are in mils x mils. Die Sizes listed are not actual, but are a close approximation. 
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4.4 CALCULATING JUNCTION 
TEMPERATURE: 


4.3 CHOOSING A PACKAGE 

Package cooling decisions will differ depending on 
which power level target the customer wants to meet. 
Hence, the thermal resistance data is interpreted to 
provide recommendations for package cooling. The 
following examples describe probable environmental 
conditions anticipated when utilizing “low power” 
CMOS technology in various system markets. 

1 . In the Mainframe Computer Market, forced air 
cooling with 500 LFM airflow is standard in the 
industry. Designers generally expect to use a 
heatsink with any package. Currently the most 
prevalent Tj(max) in this specific market is 
105°C, with the highest ambient temperature 
of the system specified at 60°C. 

2. In the Small Mainframe, Workstation, and PC 
Markets the most desirable cooling is passive, 
meaning free air cooling (possibly aided by 
utilizing a heatsink). If any airflow In these 
systems is to be tolerated, it will be minimal 
(less than 300 LFM at the location of the 
package). In this market Tj(max) is between 70 
- 85°C, with the highest system ambient 
temperature typically at 40°C. 

3. The Telecommunications Market generally 
uses no forced air or other special cooling 
capabilities but these systems allow for higher 
Tj(max), typically up to 115°C with system 
ambient temperatures of 70°C. 

This wide variation, in both anticipated cooling 
environments and temperature differentials between 
package and ambient, clearly dictates the implemen¬ 
tation of differently designed packages. 

The following Is one example of a package and its 
associated estimated power dissipation which illus¬ 
trates the considerations required to make a proper 
choice in packaging. 

208 QFP: 

This package can dissipate up to 1.5 W of power 
in a telecom environment with the 45°C temperature 
differential and 1.3 W In the PC environment without 
forced air. But In the 500 LFM airflow, mainframe 
environment, the power dissipation could be raised to 
nearly 2.0 W. 


A calculation of the average junction temperature 
is based on the concept of thermal resistance 
between the junction and a temperature reference 
point on the case. A fine wire thermocouple should be 
used, such as #36 AWG, to determine case tempera¬ 
ture. Average operating junction temperature can be 
computed from the following equation: 

Tj =T A+ (R ®jaX Pd) 

where: Tj = Junction Temperature (°C) 

T A= Ambient Temperature (°C) 

R 0 J ^ =Thermal Resistance Junction 

to Ambient as specified (°CAA(). 

Pq = power dissipated in the device (W). 

4.5 FIXED POWER AND GROUND 

Each array has fixed power and ground as noted 
in the array footprints and in the pin to pad tables. In 
the pin to pad tables, fixed power and ground pads, 
VSS, VDD, OVSS, OVDD3 and OVDD5 on the die 
are for probe test and are array dependent. These are 
identified by () around the I/O cell number. Package 
dependent power and ground, OVSS and OVDD5 are 
for final test and are noted in the pin to pad tables by 
0 around the word, OVSS, OVDD5. 

Note: 

In the 225 OMPAC package the power planes tie 
VDD and OVDD5 together which limits it to the fol¬ 
lowing three combinations of mixed (Core/System) 
power combinations: 

5 V / 5 V, 5 V / 3 V & 5 V. and 3 V / 3 V. 


Each of the H4CPIus Arrays has the option of add¬ 
ing an Analog Phase Lock Loop (APLL). There are 
two APLL options available, APLL option 1 - located 
in the bottom left corner of the array or APLL option 2 
-located In the bottom left and top right corners of the 
array. I/O to pad Interconnect will change for the top 
and or the bottom side of the array and pad to pin 
tables will change accordingly. I/O to pad interconnect 
tables for each APLL option have been added to the 
end of each array portion of Section 4. Naming con¬ 
vention for the APLL options are as follows: 

H4CPXXX Base Array -No APLL 

H4CPXXXP1 Base Array -with 1 APLL 

H4CPXXXP2 Base Array -with 2 APLL 
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Figure 4-1 H4CP028 Footprint 

Note: 

P1 = Analog PLL option 1 (H4CP028P1) bottom left corner only, 
see Table 4-6 for I/O to pad configuration. 

P2 = Analog PLL option 2 (H4CP028P2) bottom left and top right corners, 
see Table 4-7 for I/O to pad configuration. 
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Table 4-3 H4CP028 128 (CU) QFP Pad to Pin Cross Reference 

left RIGHT TO 

__ r oi l t PACKAGE ^ ^ I PACKAGE l 

PAD CELL P'^CKAGE PACKAGE ^.^^L PACKAGE 


\/oo - I \/CC _ I 



[■iRl 


i Baci 

Ibi 




1 ^ 

llggl 


ins 

I KSl 

lea 

i Bcia 

|Ea 

EH 

i BcBl 

“sr 


M^l 


\m^ 

11^1 


42 

34 

43 

35 

44 

36 

45 

- 

46 

37 

47 

38 

48 

39 

49 

40 

50 

- 

51 

41 


mu 

^1 

^1 


1^1 

mu 


1^1 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


38 


39 


40 


VDD3 


OVDD5 


OVSS 


otes: 

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise. 

2. VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die(Array) for probe test. 
Rev, 1.0 11/22/93 JEB 


\Wtt 


lESII 

ieui 

lEai 

lEEII 


lEai 

iia i_ 


OVDD3 


OVDD5 
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Table 4-4 H4CP028 160 (CU) QFP Pad to Pin Cross Reference 


LEFT I 

I BOTTOM I 

I RIGHT I 

I TOP 

DIE 

PAD 

I/O 

CELL 

PACKAGE 

DIE 

PAD 

I/O 

CEU 

PACKAGE 

DIE 

PAD 

I/O 

CELL 

PACKAGE 

DIE 

PAD 

i I/O 

I CELL 

PACKAGE 



VSS 

40 


OVSS I 

I 80 

\tm 

OVSS I 

I 120 


VSS 1 

1 160 


1. Die pad/cell and Package numbers start at top of LEFT side and Increment counter-clockwise. 

2, VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die(Array) for probe test. 

Rev. 1.0 11/22/93 JEB 
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Table 4-5 H4CP028 169 OMPAC Pad to Pin Cross Reference 


LEFT SIDE 


PACKAGE 


BOTTOM SIDE 

he""'" .1.'p/^KAOi"l 




RIGHT SIDE 


TOPSIDE 

IE...I.PACKAGE 


m Bona SoWer 

Cell Finger Balt 




42 OVDD3 - - 86 OVDD3 

43 OVDD5 42 M2 87 OVDD5 85 M12 

44 OVSS 43 a 88 OVSS 86 a 

NOTES: 

1. Die Pad/IO-Cell numbers start at top of LEFT side and increment counter-clockwise. 

2. Pkg Pin and Bond Finger numbers start at top of LEFT side and increment counter-clockwise. 

3. VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die (Array) for probe test. 

4. OVSS & OVDD5 in () are power and ground for Final Test and are fixed on the Package. 

5. The following is a cross reference of package dependent Power and Ground Pkg Pin numbers: 

GND: a=F7, G6, G7, G8, H7 

Rev. 1.0 3/07/94 JEB 
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Table 4-6 H4CP028P1 
Analog PLL Option 1 



DIE 


PAD 


45 

tlM 

46 

VDD 

47 

AVSS 

48 

AVDD 

49 

41 

50 

42 

51 

43 

52 

44 

53 

45 

54 

46 

55 

47 

56 

48 

57 

49 

58 

50 

59 

52 

60 

53 

61 

54 

62 

55 

63 

57 

64 

58 

65 

59 

66 

60 

67 

61 

68 

62 

69 

63 

70 

65 

71 

66 

72 

67 

73 

68 

74 

69 

75 

70 

76 

71 

77 

72 

78 

73 

79 

74 

80 

75 

81 

76 

82 

77 

83 

78 

84 

79 

85 

80 

86 

OVDD3 

87 

OVDD5 

88 

ovss 


Note: This table replaces the BOTTOM side of each 
pad to pin table for each array/package combination 
when Analog PLL option 1 is used in the H4CP028 
array. 


Table 4-7 H4CP028P2 
Analog PLL Option 2 


BOTTOM 

TOP 

DIE 

I/O 

iiliili 


PAD 

CELL 

PAD 


45 

VS5> 

1^:^ 

... 'll ... 

46 

VDD 

134 

VDD 

47 

AVSS 

135 

AVSS 

48 

AVDD 

136 

AVDD 

49 

41 

137 

121 

50 

42 

138 

122 

51 

43 

139 

123 

52 

44 

140 

124 

53 

45 

141 

125 

54 

46 

142 

126 

55 

47 

143 

127 

56 

48 

144 

128 

57 

49 

145 

129 

58 

50 

146 

130 

59 

52 

147 

132 

60 

53 

148 

133 

61 

54 

149 

134 

62 

55 

150 

135 

63 

57 

151 

137 

64 

58 

152 

138 

65 

59 

153 

139 

66 

60 

154 

140 

67 

61 

155 

141 

68 

62 

156 

142 

69 

63 

157 

143 

70 

65 

158 

145 

71 

66 

159 

146 

72 

67 

160 

147 

73 

68 

161 

148 

74 

69 

162 

149 

75 

70 

163 

150 

76 

71 

164 

151 

77 

72 

165 

152 

78 

73 

166 

153 

79 

74 

167 

154 

80 

75 

168 

155 

81 

76 

169 

156 

82 

77 

170 

157 

83 

78 

171 

158 

84 

79 

172 

159 

85 

80 

173 

160 

86 

OVDD3 

174 

OVDD3 

87 

OVDD5 

175 

OVDD5 

88 

OVSS 

176 

OVSS 


Note: This table replaces the BOTTOM and the TOP 
side of each pad to pin table for each array/package 
combination when Analog PLL option 2 Is used In the 
H4CP028 array. 
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Note: 

P1 = Analog PLL option 1 (H4CP048P1) bottom left corner only, 
see Table 4-13 for I/O to pad configuration. 

P2 = Analog PLL option 2 (H4CP048P2) bottom left and top right corners, 
see Table 4-14 for I/O to pad configuration. 
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Table 4-8 H4CP048 128 (CU) QFP Pad to Pin Cross Reference 



1. Die pad/cell and Package numbers start at top of LEFT side and Increment counter-clockwise. 

2. VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die(Array) for probe test. 

Rev. 1.0 6/18/93 JEB 
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Table 4-9 H4CP048 160 (CU) QFP Pad to Pin Cross Reference 
LEFT ."'..TOP 

a Package ^ I package ^ 1 package ^[11 I package 



4 


Notes: 

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise. 

2. VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die(Array) for probe test. 

Rev 1.0 6/18/93 JEB 
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Table 4-10 H4CP048 169 OMPAC Pad to Pin Cross Reference 


LEFT SIDE 

BOTTOM SiDE | 

RIGHT SIDE 1 


DIE 

PACKAGE 

Dt£ 


DIE 

PACKAGE 1 

DIE 


Die 

Pad 

I/O 

Cell 

Bond 

Finger 

Solder 

Ball 

Die 

P^ 

I/O 

Ceil 

Bond 

FIngei 

Solder 

Ball 

rasj 

uS' 

VO 

Cell 

H 

H 


VO 

Cell 

Bond 

Finger 

i| 

■■ 

vss 

1 

a 


vss 

48 

a 

BPg 

vss 

■a; 

a 

EB 

vss 

■BI 

a 


VDD 

- 

- 

B 

VDD 

- 

- 

IIP 

VDD 

■ 

- 

ITgl 

VDD 

- 

- 

Kl 

1 

2 

WEM 

B 

53 

Kl 

IM 

ID 

105 

KB 

mmm 

jpg 

157 

Kai 

gCTPg 


2 

3 

B1 

m 

54 


wtm 

m 

106 

WEM 


IB 

158 

■EOil 

■SB 

B 

3 

4 

■^i 

11^1 

55 

Kl 

■ZB 


107 

■B! 

KB 

IB 

159 

Hai 

TPg 

6 

4 

5 

BB 

Etl 

56 

IBi 


m 

108 

KB 

BB 

IB 

160 

Kai 

KEI 

7 

5 

6 


B 

57 

HS 


B 

109 

KB 

■SB 

IB 

161 

KEIi 


B 

(OVDD5)6 

7 

C 

gg 


54 

d 

m 

(OVDD5)110 

msM 


IB 

{OVDD5)162 

■EBl 


B 

7 

8 

D2 

gg 

59 

1^3 

L4 

DQ 

111 

ipgi 

TTOI 

IB 

163 

■BI 

■gpg 

B 

8 

9 

KK 

B 

60 

mm 

HB 

DO 

112 

KB 

T^tcM 

IB 

164 

■w 

KB 

■n 

9 

10 

E4 

B 

61 

Bl 

■SB 

DO 

113 

KB 

gw 

IB 

165 

gregi 

kei 

B 

10 

- 

- 

gg 

62 



■ 

114 

■ 


EB 

166 

- 


B 

11 

mm 

■B 

B 

63 

mm 

■sm 

IB 

115 

Mtgi 

■QB 

IB 

167 

gn^cg 

mm\ 

B 

12 

12 

E2 

B 

64 

El 

mm 

E 

116 

KB 

■iB 

IB 

168 

gngg 

C9 1 

B 

13 


El 

B 

65 

— 


pg? 

117 

■EB 

Igg 

IB 

169 

■Bi 

■UBII 

B 


14 

c 

m 


61 

d 

m 

(OVDD5)118 

beb 

e 

IB 

RTOBiimai! 

156 

b 

B 


mm 

a 

B 


ES 

a 

IBS 

OVSS(119) 

KEI 

a 

ggi 

KSr^iBn 

157 

a 

B 

16 

mm 

F4 

B 

68 


■ZB 

■ 

120 

kb 

gSWill 

iPPi 

172 

ggpg 

IKI 

B 

17 

17 

■B 

B 

69 

Kl 

■syi 


121 

bib 

ging 

EB 

173 

■Bi 

HD 


18 

18 

F2 

B 

70 

mm 

L6j 

■0 

122 

bib 

g!CHi 

iPPi 

174 

■Bi 

HI 

B 

19 

19 

FI 

B 

71 



jpg 

123 

bib 

gSBH 

iPPi 

175 

■PW 

HI 


20 

HEH 

■B 

B 

72 

B1 

■ZB 

EE£ 

124 

■BB 

1!gg 

IB 

176 

gjfgpH 

A8 

Wcl 

21 

21 

wm 

B 

73 

m 

BB 

m 

125 

bib 

gictfni 

IB 

177 

■BI 

E8 

B 

22 

- 

zzn 

B 

74 

Kl 

WEM 

lEE 

126 

- 


IB 

178 

jgfSgg 

D7 

B 

23 

HE91 


B 

75 

HI 


■ 

127 

msm 


IB 

179 

giigsg 

B7 


24 


mm 

B 

76 

El 


m 

128 

msm 


EB 

180 

gBgl 

msm\ 

B 




B 

OVDD5(77) 

- 

- 


OVDD5(129) 

■ 

- 

iPPi 

OVDD5(181) 

- 



27 

mm 

BEI 

B 

79 

mi 

17 

DO 

131 

bib 

KD 

iPPi 

183 


HI 



25 


B 

(OVSS)80 

HI 

a 

de 


bbi 

a 

fpn 

{OVSS)184 



B!«M 

29 


B^l 

B 

81 

HI 

mm 

■ 

133 

bbi 

■SB 

IB 

185 

gippg 

stm 

EDI 

30 

27 

BiB 

B 

82 

HI 

HI 

de 

134 

■Bi 

mm 

IB 

186 

Mpy>g 

HS 

ggi 

32 

mm 

BSB 

B 

84 

Ha 

■2EI 

DO 

136 


■w 

IB 

188 

mam 

■Bi 

Kiel 

33 

mm 

BOI 

B 

85 

msm 

Klil 

dd 

137 

BBI 

gggi 


189 

MUrTM 

HI 

E3 

34 

■EB 

BSfl 

B 

86 

HS 

HI 

DO 

138 

■Bi 

msm 

lEH 

190 

■Bi 

■oa 

KSi 

35 

- 

- 

B 

87 

- 

- 

DO 

139 

- 

■ 

ipg 

191 

- 


E3 

37 

31 

msm 

Eii 

89 


HI 

DO 

141 


MiTW 

iPPi 

193 

■Bi 

■s2B 

B 

38 

BESI 

WEM 

B 

90 

80 

■El 

DO 

142 


gBTcg 

K] 

194 

■Bi 

■Bi 

m 


KEB 

a 

B 


81 

a 

DO 

OVSS(143) 

■Bi 

a 

BPPi 


■Bi 

a 

EEI 

(OVDD5)4q 

mm 

d 


(OVDD5)92 

■■ 

e 

CO 

(OVDD5)144 

■Bi 

b 


(OVDD5)196 


c 

B 

41 


■B 

m 

93 

HI 

■SB 

DO 

145 

KB 

g=IWi 

EB 

197 

msm 

HI 

B 

42 

■EB 

■El 

gg 

94 

84 

■B 

DO 

146 

KB 

kb 

IBl 

198 

■EB 

■BI 

B 

43 

mm 

■B 

m 

95 

HI 

■SB 

de 

147 

KB 

■3B 

KPgl 

199 

mam 


B 

44 

38 

mm 

Mm 

96 

86 

■SIB 

101 

148 

BEB 

■3B 


200 

mm 


B 

45 

kb 

■^1 

Mm 

97 

mm 

hiUrtlh 

m 

149 

KB 

gtXM 


201 

mssm 

■UK 

B 

46 

mm 

■SI 

gg 

98 

88 

MWIM 


150 

IKB 

■W 

■s 

202 


■31 

B 


41 

d 

iPia 


HI 

e 

ElO 

(OVDD5)151 

KB 

b 

pppi 


■na 


B 

48 

42 

LI 

ipn 

100 


■SIB 


152 

BEB 

Mggi 

EB 

■IKIKfl 

MPPg 


B 

49 

mm 

L2 

IE3 

101 

KOI 

■SB 

■ 

153 

BEB 

gfggi 

BQ 


■Bi 

■Bi 

B 

50 

>mm 

■SB 

iBIcl 

102 

■■ 

■IB 

Big 

154 

BEB 

WBHM 

BD 

206 

1 187 

■Bi 

Bail 

51 

'mm 

bseb 

l!tgl 

103 

■■ 


Bail 

155 

mm 

KEI 

BB 

207 

iHOi 

mm 

B 

52 

46 

BS3I 

jpg 

104 

94 


Bag 

156 

ikh 


KPl 

208 

IKI 

■a 
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Table 4-10 H4CP048 169 OMPAC Pad to Pin Cross Reference 


LEFT SIDE 

BOTTOM mm 

RIGHT SIDE 

TOPSIDE 

DIE 

PACKAGE 

DIE 


DIE 

PACKAGE 

DIE 

PACKAGE 

Die 

I/O 

Bond 

Solder 

wm 

I/O 

Bond 

Solder 

IBH 

I/O 

Bond 

Solder 

Die 

I/O 

Bond 

Solder 

Pad 

Cell 

Finger 

Ball 


Cell 

Pingei 

;. Be«^ 

Q| 

Cell 

Finger 

Ball 

Fed 

Ceil 

illilli 

lililll 

1^ 


- 

- 


OVDD3 

- 

- 

wm 

OVDD3 

- 

- 


OVDD3 

- 

- 

53 

OVDD5 

- 

- 

107 

OVDD5 

- 

- 

161 

OVDD5 

- 

- 

215 

OVDD5 

- 

- 

54 

OVSS 

47 

a 

108 

OVSS 

95 

a 

162 

OVSS 

142 

a 

216 

OVSS 

190 

a 


NOTES; 

1. Die Pad/IO-Cell numbers start at top of LEFT side and increment counter-clockwise. 

2. Pkg Pin and Bond Finger numbers start at top of LEFT side and increment counter-clockwise. 

3. VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the dle(Array) for probe test. 

4. OVSS & OVDD5 in () are power and ground for Final Test and are Package dependent 

5. The following is a cross reference of package dependent Power and Ground Pin numbers: 

GND: a = H6, H7, H8, G6, G7, G8, F6, F7, F8 

PWR: b = E9, c = E5, D4, d =J5, e = J9, K10 

6. Only OVDD5 is connected to package PWR pins. 

7. VDD must be supplied separately through I/O package pins for all applications. 

8. OVDD3 must be supplied separately through I/O package pins for mixed voltage (5V / 3.3V applications). 

Rev. 1.0 6/18/93 JEB 

Rev. 1.1 5/11/94 JEB added note 6. 





H4CPIUS Series Design Reference Guide 


MOTOROLA 

4-13 
















PACKAGING 


Table 4-11 H4CP048 208 QFP Pad to Pin Cross Reference 





Notes: 


1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise. 

2. VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die(Array) for probe test. 


Rev 1.0 6/18/93 JEB 
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Table 4-12 H4CP048 225 OMPAC Pad to Pin Cross Reference 


BOTTOM mm I RIGHT SIDE 


TOP SIDE 


PACKAGi 


Solder 

Ball 



19 

20 
21 
22 

23 

24 


OVDD5(25) 


jOVDD5(129 


lEUI 

OVDD5(181 



E3I 

_ VM 
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Table 4-12 H4CP048 225 OMPAC Pad to Pin Cross Reference 


LEFTSIDE 

BOTTOM SIDE 

RIGHT SIDE 

TOPSIDE 

DIE 

PACKAGE 

DIE 

PACKAGE 

DIE 

PACKAGE 

DIE 

PACKAGE 

Die 

I/O 

Bond 

Solder 

ill 

I/O 

Bond 

Sdld^ 

EH 

I/O 

Bond 

Solder 

DIa 

I/O 

iiiii 


Pad 

Cell 

Finger 

Ball 

Pad 

Cell 

Finger 

B^i 


Cell 

Finger 

Ball 

Pad 

Ceil 

Milli 

Ball 

m 



P2 


OVDD3 

■E9 


in?n 

OVDD3 


B14 

BQ 



B2 




e 

QQ 

OVDD5 

HEEl 

d 

IBB 

OVDD5 


b 




c 

m 


54 

a 

lES 



a 




a 

nri 



a 


Notes: 

1. Die Pad/IO-Cell numbers start at top of LEFT side and increment counter-clockwise. 

2. Pkg Pin and Bond Finger numbers start at top of left side and increment counter-clockwise. 

3. VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die(Array) for probe test. 

4. OVSS & OVDD5 in () are power and ground for Final Test and are Package dependent. 

5. The following is a cross reference of package dependent Power and Ground Pkg Pin numbers: 

GND: a =K7, K8, K9, J6, J7, J8, J9, J10, H6, H7, H8, H9, H10, G6, G7, G8, G9, G10, F7, F8, F9 
PWR: b = G11, F10, E9, E11, C = G5. F6, E5, E7, d = L5, L7. K6, J5, e = L9. L11, K10, J11 

6. Both OVDD5 and VDD are connected together through the package PWR pins. 

7. The 225 OMPAC package is limited to the following three combinations of mixed (Core/System) power combinations: 

5 V / 5 V, 5 V / 3 V & 5 V, and 3 V / 3 V. 


Rev. 1.0 6/18/93 JEB 
Rev. 1.15/11/94 added note 6. 
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Table 4-13 H4CP048P1 
Analog PLL Option 1 


Table 4-14 H4CP048P2 
Analog PLL Option 2 


BOTTOM SIDE | 

DIE 

I/O 

PAD 

CELL 

55 

-7SS- 

56 

VDD 

57 

AVSS 

58 

AVDD 

59 

53 

60 

54 

61 

55 

62 

56 

63 

57 

64 

58 

65 

59 

66 

60 

67 

61 

68 

62 

69 

64 

70 

65 

71 

OVSS(66) 

72 

67 

73 

68 

74 

70 

75 

71 

76 

72 

77 

73 

78 

74 

79 

75 

80 

76 

81 

OVDD5(77) 

82 

79 

83 

80 

84 

81 

85 

82 

86 

84 

87 

85 

88 

86 

89 

87 

90 

89 

91 

I 90 

92 

dVSS(91) 

93 

92 

94 

93 

95 

94 

96 

95 

97 

96 

98 

97 

99 

98 

100 

99 

101 

100 

102 

101 

103 

102 

■EEII 

103 

uai 

104 

uai 

OVDD3 

■ESI 

OVDD5 

■EEII 

OVSS 


Note: This table replaces the BOTTOM side of 
each pad to pin table for each array/package com¬ 
bination when Analog PLL option 1 is used in the 
H4CP048 array. 


BOTTOM SIDE 

1 TOPSIDE 1 

Die 

I/O 

Die 

I/O 

Pea 

Cell 

Pea 

Cell 


Osi 


"V§§ ' 


VDD 


VDD 


AVSS 


AVSS 

SI 

AVDD 


AVDD 


53 


157 


54 

WM 

158 

mm 

55 

WRSl 

159 


56 

IBs] 

160 


57 

■HI 

161 

SI 

58 

mWFM 

162 


59 

■Bel 

163 


60 


164 

SI 

61 


165 


62 

■B3 

166 

SI 

64 

wm 

168 

SI 

65 

wm 

169 

El 

OVSS(66) 


OVSS(170) 

mi 

67 


171 

SI 

68 

wm 

172 

SI 

70 


174 

wm 

71 


175 

wm 

72 

wm 

176 

ra 

73 


177 

SI 

74 

■Ra 

178 

SI 

75 

wm 

179 

SI 

76 

wm 

180 

SI 

OVDD5(77) 

BRgl 

OVDD5(181) 

Si 

79 

■Ra 

183 

SI 

80 

■RIl 

184 

SI 

81 

Kpa 

185 

Ka 

82 

■Ra 

186 

Ka 

84 

■Ra 

188 

Si 

85 

■EH 

189 

SI 

86 

■Ra 

190 


87 

■Ra 

191 

«»■ 

89 

■Ra 

193 

SI 

90 


194 

Si 

OVSS(91) 

■gia 

OVSS(195) 

■tia 

92 

■gill 

196 

SI 

93 

■gia 

197 


94 

■gia 

198 

SI 

95 


199 

ma 

96 

Kia 

200 


97 

Kia 

201 

mm 

98 

Wtsm 

202 

Klgil 

99 

K>a 

203 

gpil 

100 

■gia 

204 

KTilSi 

101 

Bia 

205 

gPRl 

102 


206 

KIgl 

103 

■gRl 

207 

gna 

104 

Qjgi 

208 

giiia 

OVDD3 


OVDD3 

warn 

OVDD5 

edh 

OVDD5 

SI 

OVSS 

Kia 

OVSS 


Note: This table replaces the BOTTOM and the 
TOP side of each pad to pin table for each array/ 
package combination when Analog PLL option 2 is 
used in the H4CP048 array. 
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Figure 4-3 H4CP075 Footprint 

Note: 

P1 = Analog PLL option 1 (H4CP075P1) bottom left corner only, 
see Table 4-20 for I/O to pad configuration. 

P2 = Analog PLL option 2 (H4CP075P2) bottom left and top right corners, 
see Table 4-21 for I/O to pad configuration. 
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Table 4-15 H4CP075 128 (CU) QFP Pad to Pin Cross Reference 
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Table 4-15 H4CP075 128 (CU) QFP Pad to Pin Cross Reference 


LEFT 

BOTTOM 

1 RIGHT 

TOP 

DIE 

PAD 

I/O 

CELL 

PACKAGE 

■i 

m 

CELL 

PACKAGE 

DIE 

PAD 

I/O 

CELL 

PACKAGE 

MS 

PAD 

I/O 

CEU 

PACKAGE 

■in 

66 

28 

IMIl 

124 

so 


"”’■"158" 

62 

KM 

. Ill . 

— 


61 

29 


125 

61 

naa 

189 

93 

Baa 

253 

125 


62 

30 


126 

62 

ina 

190 

94 

Bai 

254 

126 


63 

31 

IHl 

127 

63 

iK?a 

191 

95 

Big 

255 

127 

ma 

64 

32 


128 

64 

rea 

192 

96 

Baa 

256 

128 


OVDD3 

- 


6vbD3 

- 

iBia 

OVDD3 

- 

Bigl 

0VDD3 

- 


■•MilSHM 

- 


OVDD5 

- 

iUl 

OVDD5 

- 

Baa 

OVDD5 

- 

■a 


- 



■ - 



- 

Baa 

oyss 

- 


Notes: “ 

1. Die pad/ceil and Package numbers start at top of LEFT side and Increment counter-clockwise. 

2. VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die(Array) for probe test. 
Rev 1.011/29/93 JEB 
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Table 4-16 H4CP075 160 (CU) QFP Pad to Pin Cross Reference 


BOTTOM 


I/O package ^ 

CELL package 


\/oo 


RIGHT 

TOP 

DIE I/O 

PAD CELL 

PACKAGE 

DIE 

FAD 

I/O 

CEU. 

PACKAGE 



50 

30 

51 

31 


54 

33 

55 

34 

56 

35 


11^1 

i Bigll 

|Eaii 



KEBUMBfeHtriril i 

IBHI 

iph 

iliir 

iPIsl i 

WBfM l 
iiirni i 
iPBl I 

Dai 

Kiai 
DEII 

OQI 

nsi 
DHI 

iiia i 

ilEl i 

iBIl 
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Table 4-16 H4CP075 160 (CU) QFP Pad to Pin Cross Reference 


__ 

! BOTTOM 

RIGHT 

TOP 

DIE 

PAD 

I/O 

CELL 

PACKAGE 

mm 

Hi; 

I/O 

CEUL 

PACKAGE 

DIE 

PAD 

I/O 

CELL 

PACKAGE 

[MS 

PAD 

I/O 

OEU. 

PACKAGE 

EM 

60 

36 


124 

76 


188 

116 

Egg 

252 

156 

||£[2J| 

61 

37 

TOa 

125 

77 

iKTa 

189 

117 

EHil 

253 

157 


62 

38 

IRRl 

126 

78 

vm 

190 

118 

EHB 

254 

158 


63 

39 

IRgl 

127 

79 


191 

119 

Esa 

255 

159 


64 

40 

iRSl 

128 

80 

ina 

192 

120 

EHtl 

256 

160 


OVDD3 

■- 


OVDD3 

- 

iEia 

OVDD3 

- 

Bai 

OVDD3 

- 


OVDD5 

- 


6VDD5 

- 

nai 

OvbDs 

- 

EBa 


- 

64 


- 


575§ 

- 


5V§§ 

- 

EBia 

OVSS 

- 


Notes: 

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise. 

2. VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die(Array) for probe test. 


Rev 1.0 6/18/93 JEB 
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LEFT SIDE 


Table 4-17 H4CP075 169 OMPAC Pad to Pin Cross Reference 
I BOTTOM SIDE i RIGHT SIDE I 


DIE PACKAGE 

Die I/O Bond Solder 

Pad Cell Finger Ball 


PIE PACKAGE _ 

iiiiiiii ^le 

Cell Flng^ Ball Pad 


PACKAGE 

Bond Solder 
Finger Ball 


Call Finger Ball 



1 

2 

OVSS(9) 

10 

10 

D2 

3 

11 

- 

- 

4 

12 

11 

D1 


13 

12 

E3 


14 

- 

- 

7 

15 

13 

E2 

8 

9 

16 

OVDD5(17) 

14 

El 

0 

(OVDD5)18 

15 

b 

1 

(OVSS)19 

16 

a 



1 42 


44 

45 

46 

(OVSS)47 


OVDD5(49 




108 

79 

L8 

109 

- 

- 

110 

80 

N9 

(OVSS)III 

81 

a 

OVDD5(112) 

82 

d 

1 113 

83 

M9 

> 115 

- 

- 

J 116 

84 

K9 

1 117 

85 

N10 

) 118 

86 

M10 


{■ilQIilil 


80 


81 

iiBi 

82 

ElJ 

CO 

00 



EBII 
11^1 
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Table 4-17 H4CP075 169 OMPAC Pad to Pin Cross Reference 


LEFT SIDE 

BOTTOM SIDE 

RIGHT SIDE 

TOPSIDE 

DIE 

PACKAGE 

DIE 

PACKAGE 

DIE 

PACKAGE 

DIE 

PACKAGE 

1 

I/O 

Cell 

Bond 

Finger 

H 

i 

yo 

Bond 

Flngear 

Solder 

Ball 

1 


Bond 

Finger 

Solder 

Ball 

BS 

EE 

I/O 

Cell 

Bond 

FIngiN* 

iilHi 

illill 


56 



EIB 

120 


L9 

inn 

184 

■E3 


BS 

248 

■EB 

m^Bi 

m 

OVSS(57) 

■ 

- 

m 

OVSS(121) 

■ 

- 

lEEl 

OVSS(185) 

- 

■ 

E 

OVSS(249) 

- 

■ 


58 

mm 

mm 

nni 

122 

mm 


KHIcl 

186 

BE9 


Bi 

250 


1^ 

m 


41 

0 


(OVDD5)123 

mm 


m 

(OVDD5)187 

■[B 


EE 


mm 

b 

Ei 

60 

mm 

■!■ 

EBI 

124 


■2B 

lES 

188 



EE 

252 

■EB 

MM 


61 

mm 

mm 


125 



inni 

189 

138 

WRVM 

K] 

253 

■EB 



62 

mm 



126 

mm 


m 

190 

Wcgl 

EIB 

K 

254 

■na 

mm 


63 

mm 

MHM 

fSi 

127 

93 

L11 


191 


■SB 


255 

mm 


m 

64 

■a 



128 

kb 


ins 

192 

EO 

msEM 

ee 

256 

■na 

^1 

ISil 

OVDD3 

- 

- 


OVDD3 

- 

- 


OVDD3 

- 

- 

ESi 

OVDD3 

- 

- 


OVDD5 

- 

- 


OVDD5 

- 

- 

191 

OVDD5 

- 

- 

255 

OVDD5 

- 

. 

64 

OVSS 

47 

a 


OVSS 

95 

a 

192 

OVSS 

142 

a 

256 

OVSS 

190 

a 


Notes: 

1. Die Pad/IO-Cell numbers start at top of LEFT side and increment counter-clockwise. 

2. Pkg Pin and Bond Finger numbers start at top of LEFT side and increment counter-clockwise. 

3. VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die (Array) for probe test. 

4. OVSS & OVDD5 in () are power and ground for Final Test and are Package dependent 

5. The following is a cross reference of package dependent Power and Ground Pkg Pin numbers: 

GND: a =F6, F7, F8, G6, G7, G8, H6, H7, H8 

PWR: b = E5, c = J5, K4, d = J9, e =D10, E9 

6. Only OVDD5 is connected to package PWR pins. 

7. VDD must be supplied separately through I/O package pins for all applications. 

Rev. 1.0 6/18/93 JEB 

Rev. 1.15/11/94 JEB added note 6. 
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Table 4-18 H4CP075 208 (CU) QFP Pad to Pin Cross Reference 
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Table 4-18 H4CP075 208 (CU) QFP Pad to Pin Cross Reference 


LEFT 

BOTTOM 

1 RIGHT 

TOP 

DIE 

PAD 

I/O 

CELL 

PACKAGE 

HS 

:Im 

m 

CEU. 

PACKAGE 

DIE 

PAD 

I/O 

CELL 

PACKAGE 

Ml 

PAD 

CEU. 

PACKAGE 


OVDD3 

- 

iFni 


- 

lESl 

OVDD3 

- 


OVDD3 

- 

KM 

OVDD5 

- 

KM 

OVDD5 

- 

Will 

OVDD5 

- 


OVDD5 

- 

[64 

OVSS 

- 

128 

OVSS 

- 

192 

OVSS 

- 

256 

OVSS 

- 


Notes: 

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise. 

2. VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die (Array) for probe test. 
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Table 4-19 H4CP075 225 OMPAC Pad to Pin Cross Reference 
LEFT SIDE BOTTOM SiOi RIGHT SIDE I 

E I PACKAGE ~~ Dli ! PACKAGE oii I PACKAGE 


I DIE PACKAGE DIE PACKAGE 

I/O Bond Solder "S.."flitter 

Ipadl Cell Finger Ball Pad Cell Finger Bali 


TOPSIDE 

Dli I PACKAGE 


Bond Solder I Ole I I/O Bond Bolder 

FingeH Ball IPad Cell Finger Ball 
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Table 4-19 H4CP075 225 OMPAC Pad to Pin Cross Reference 


LEFT SIDE 

SOTTOMSIDi 

RIGHT SIDE 

ICFSIDi 

DIE 

PACKAGE 

DIE 

PACKAGE 

DIE 

PACKAGE 

DIE 

PACKAGE 

Die 

Pad 

I/O 

Cell 

Bond 

Finger 

H 

Eg 

m 

I/O 

Cell 

Bond 

lllllll 

Solder 

Beii 

i 

I/O 

Cell 

Bond 

Finger 

Solder 

Ball 

Ole 

Pad 

m 

IIIIHIM 

Bond 

Finger 

^der 

Ball 


56 

ISI 


m 

120 

■la 


E9 

184 

mm 



248 


B4 

El 

OVSS(57) 

mm 

b 

m 

OVSS(121) 

■19 

b 

EH 



b 

BS 

OVSS(249) 

KM 

b 

131 

58 


■El 

DEI 

122 

MllM 

moi 

EH 

186 

■Hi 

mm 

BS 

250 


D5 


59 

mm 

■SOI 

fEU 

123 


ICiBfll 

m 

187 

K3 

WDSIM 

E0 

251 

MUM 

■91 

m 

60 

wm 


EH 

124 


HE3 

EH 

188 



BE 

252 

EEi 

C4 

m 

61 


■29 

EH 

125 


■3EI 

EH 

189 

■HI 

WEBM 

H] 

253 

IHI 

B3 


62 


mm 

EH 

126 


■39 

EH 

190 

mm 


HI 

254 

MUM 

mm 


63 

KOI 

■2B 

EH 

127 

MPIM 

■39 

EH 

191 

Ka 

mm 


255 

E9 


m 

64 

H3H 

■a 

EH 

128 


■39 

EH 

192 

■9 

■39 

HI 

256 


B2 


OVDD3 


KOI 

EH 



■39 

IH 

OVDD3 

■E9 

■39 

91 

OVDD3 

gjga 

A1 


OVDD5 


d 

EH 

OVDD6 

mim 

e 

ED 

OVDD5 


a 



KM 

c 

64 

OVSS 

64 

b 

EH 

OVSS 

128 

b 

hl92 

OVSS 

192 

b 


OVSS 

256 

b 


Notes: 

1^1 1. Die Pad/IO-Cell numbers start at top of LEFT side and increment counter-clockwise. 

2. Pkg Pin and Bond Finger numbers start at top of LEFT side and increment counter-clockwise. 

3. VSS, VDD, OVSS, OVDD3, & OVDD5 Indicates fixed power and ground pads on the die (Array) for probe test. 

4. OVSS & OVDD5 in () are power and ground for Final Test and are Package dependent, 

5. The following is a cross reference of package dependent Power and Ground Pkg Pin numbers: 

PWR: a = F9,F10,G10 c=F6, F7, G6 d=J6, K6, K7 e=K9, K10, J10 

GND: b =F8, G7, G8, G9, H6, H7, H8, H9, H10, J7, J8, J9, K8 

6. Both OVDD5 and VDD are connected together through the package PWR pins. 

7. OVDD3 must be supplied separately through I/O package pins for mixed voltage (5V / 3.3V) I/O applications. 

8. The 225 OMPAC package is limited to the following three combinations of mixed (Core/System) power combinations: 

5 V/5V,5 V/3V&5V,and3V/3V. 

REV. 1.0 6/18/93 JEB 

REV. 1.1 7/12/93 JEB Updated PWR, defined power planes a, c,d and e. 

REV. 1.2 5/11/94 JEB Added notes 6 and 7. 


MOTOROLA 

4-28 


H4CPIUS Series Design Reference Guide 






















































PACKAGING 


Table 4-20 H4CP075P1 


Analog PLL Option 1 


BOTTOM 


1^0 

■■lli 


65 

vss 

66 

VDD 

67 

AVSS 

68 

AVDD 

69 

65 

70 

66 

71 

67 

72 

68 

73 

69 

74 

70 

75 

OVDD5(71) 

76 

72 

77 

73 

78 

74 

79 

76 

80 

77 

81 

78 

82 

79 

83 

OVSS(81) 

84 

82 

85 

83 

86 

84 

87 

85 

88 

87 

89 

88 

90 

89 

91 

90 

92 

92 

93 

93 

94 

OVDD5(94) 

95 

95 

96 

96 

97 

97 

98 

98 

99 

OVSS(IOO) 

100 

101 

101 

103 

102 

104 

103 

105 

104 

106 

105 

107 

106 

108 

107 

109 

108 

110 

109 

111 

110 

OVDD5(112) 

111 

113 

112 

115 

113 

116 

114 

117 

115 

118 

116 

119 

117 

120 


Table 4-20 H4CP075P1 
Analog PLL Option 1 



om 

I/O 

PAD 

CELL 

118 

OVSS(121) 

119 

122 

120 

123 

121 

124 

122 

125 

123 

126 

124 

127 

125 

128 

126 

OVDD3 

127 

OVDD5 

128 

OVSS 


Note: This table replaces the BOTTOM side of each pad 
to pin table for each array/package combination when 
Analog PLL option 1 is used in the H4CP075 array. 


H4CPIUS Series Design Reference Guide 


MOTOROLA 

4-29 




PACKAGING 


Table 4-21 H4CP075P2 
Analog PLL Option 2 


BOTTOM 

TOP 

DIE 

1^0 

DIE 


PAD 

CELL 

PAD 

iiiiillliiii 

65 

vss 


VSS 

66 

VDD 

194 

VDD 

67 

AVSS 

195 

AVSS 

68 

AVDD 

196 

AVDD 

69 

65 

197 

193 

70 

66 

198 

194 

71 

67 

[HE3i 

195 

72 

68 

■^91 

196 

73 

69 

201 

197 

74 

70 

202 

198 

75 



OVDD5(199) 

76 

72 

204 

200 

77 

73 


201 

78 

74 

206 

202 

79 

76 

207 

204 

80 

77 

208 

205 

81 

78 

209 

206 

82 

79 

210 

207 

83 

OVSS(81) 

211 

OVSS(209) 

84 

82 

212 

210 

85 

83 

213 

211 

86 

84 

214 

212 

87 

85 

215 

213 

88 

87 

216 

215 

89 

88 

217 

216 

90 

89 

218 

217 

91 

90 

219 

218 


92 


220 

93 

93 

221 

221 

94 



OVDD5(222) 

95 

95 


223 

96 

96 

224 

224 

97 

97 

225 

225 

98 

98 


226 

99 



OVSS{228) 

100 

101 


229 

101 

103 


231 

102 

104 

BBSS 

232 

103 

105 

231 

233 

104 

o 

o> 

232 

234 

105 

107 

■SEBI 

235 


108 

BBEB 

236 

107 

109 

■SSI 

237 

108 

110 

■^91 

238 

109 

111 

HSEBi 

239 

110 


■sebi 

OVDD5(240) 

111 

113 

BSBi 

241 

112 

115 

WESM 

243 

113 

116 

bbdb 

244 

114 

117 

WE3M 

245 

115 

118 

WEEE 

246 

116 

119 

244 

247 

117 

120 

245 

248 


Table 4-21 H4CP075P2 
Analog PLL Option 2 


BOTTOM 

TOP 


I/O 

DIE 

I/O 

■llliil 

CELL 

PAD 

CELL 

118 

OVSS(121) 

WEI3M 

OVSS(249) 

119 

122 


250 

120 

123 

248 

251 

121 

124 


252 

122 

125 

250 

253 

123 

126 


254 

124 

127 


255 

125 

128 

253 

256 

126 

OVDD3 


OVDD3 

127 

OVDD5 



■SB 

OVSS 

256 

OVSS 


Note: This table replaces the BOTTOM and the TOP 
side of each pad to pin table for each array/package 
combination when Analog PLL option 2 is used in the 
H4CP075 array. 
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Note: 

P1 = Analog PLL option 1 (H4CP109P1) bottom left corner only, 
see Table 4-29 for I/O to pad configuration. 

P2 = Analog PLL option 2 (H4CP109P2) bottom left and top right corners, 
see Table 4-30 for I/O to pad configuration. 
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Table 4-22 H4CP109 160 (CU) QFP Pad to Pin Cross Reference 



BOTTOM 


DIE I/O 
PAD CBIL 


PACKAGE 


PACKAGE 


PAD CEti 


PACKAGE 


|■EII 

1^91 


7 

8 


19 


20 


21 


22 


23 


24 


OVSS(25) 


^1 

ESIl 


28 


29 


30 


31 


33 


34 


35 


36 


38 


OVSS(39) 


40 


41 


42 


44 


45 


46 


47 


EilltBiiltWHIl i 


VSS(52) 


53 


55 


56 


57 


58 


60 



81 

43 

82 

44 



^1 

Bgil _ 

^11 

gRl| 




ifcai 

[fE^j 

liEai 
ifm\ 
IfEEll 
tDEll 
nai 
Dai 
PH I 

IDT 


118 

61 

120 

62 



127 

65 

128 

- 


132 

66 

133 

67 



170 


171 


OVSS(172) 


173 


174 


175 


176 


177 


178 


179 


180 


OVDD5(182) 


184 


185 


186 


187 


191 


192 


194 


OVSS(195) 


196 


197 


198 


200 


201 


202 


203 


204 


206 


OVDD5(207) 


OVSS(208) 


209 


211 


212 


213 


214 


216 


1^1 
K 
aai 

1^3 

Btai 

liar 

aai 

\m 

laai 
laai 
laaL 
IBDES 

laar 

I be: 

IBDD 
im~ 
im 
IBDI 
1^ 

1^ 

1^1 
1^ 
iaai 

aai 

igiEI I 

Bgl 
1^1 
Ig^l 

1^ 

_ 

i REattyfeweBai i 

Baa 

m: 

Rga 

EHcl 
Rgll 

Raa _ 

mku 

1^- 
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Table 4-22 H4CP109 160 (CU) QFP Pad to Pin Cross Reference 


LEFT 

BOTTOM 

RIGHT 





iitii 

:lli 

I/O 

Cell. 

PACKAGE 


I/O 

CELL 

PACKAGE 

oii 

PAD 

I/O 

CELL 

PACKAGE 



55 

■ICKI 

139 


13:^ 

217 


Pixel 

295 

.m. 


62 

30 

■kicl 

140 

70 

jgga 

218 

110 

Pi:M 

296 

150 



- 

■Ml 

OVSS{141) 

- 

Kill 

OVSS(219) 

- 

Pi;M 


- 


64 

- 

iicM 

142 

- 

Kil 

220 

- 

Pi;M 

298 

- 


65 

31 

ilcM 

143 

71 

HK 

221 

Ill 

Pi;!;l 

299 

151 


66 

32 

ikM 

144 

72 

BEI 

222 

112 

Pi;M 

300 

152 


67 

- 

ilc!;l 

145 

- 

KEl 

223 

- 

PisM 

301 

- 


68 


iicM 

146 



224 


Pfcll 

302 



69 

33 

■EM 

147 

73 


225 

113 

PisM 

303 

153 


70 

34 

uu 

148 

74 

KK 

226 

114 

PieM 

304 

154 


71 

- 

■EM 

149 

- 

QQ 

227 

- 

Pfegj 

305 

- 


72 

- 

■EM 

150 

- 

KEl 

228 

- 

PX»M 

306 



73 

35 

mi 

151 

75 

KBl 

229 

115 

PfeM 

307 

155 


74 

36 


152 

76 

KgB 

230 

116 

Egg 

308 

156 


75 

37 

■Eia 

153 

77 

KK 

231 

117 

pga 

309 

157 


76 

38 

lEa 

154 

78 

RHcl 

232 

118 

pgg 

310 

158 


77 

39 

■Ea 

155 

79 

Kgl 

233 

119 

Rltlil 

311 

159 


78 

40 

■ERl 

156 

80 

FBa 

234 

120 

Kffi 

312 

160 


OVDD3 

- 

■Ril 


- 

Rtaa 

OVDD3 

- 

ESS 

OVDD3 

- 


OVDD5 

- 

■ai 

OVDD5 

- 

KK 

OVDD5 

- 

ESS 

OVDD5 

- 


OVSS 

- 

■aa 

OVSS 

- 

Baa 

OVSS 

- 

ESQ 

OVSS 

- 


Notes; 

1. Die pad/cell and Package numbers start at top of LEFT side and Increment counter-clockwise. 

2. VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die (Array) for probe test. 
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Table 4-23 H4CP109 160 MicroCool Pad to Pin Cross Reference 


BOTTOM 


t/o 

CEU. 

PACKAGE 

VSS 

- 


" 

79 

160 

80 

159 

81 

158 

82 

157 

83 

156 

84 

155 

85 

- 

86 



154 

88 

153 

89 

- 

90 




RIGHT 

lid r 


PAD CELL 


vss 


VDD 


157 


158 


159 


160 


161 


162 


163 


164 


165 


PACKAGE 



iligl 

iRgj 

iRfa 

IRgl 

IKTil 
llsil 
ica 
reg 
D^l 
il^l 

_ 

- iigr 

IWiHtyjgWibigp i 

ih: 

iwa 

W\ 
tm\ 
w\ 
fm\ 
tm\ 
sea] 

naawiiitfcfibwii 

ieui - 

rea 

ina 

nzi 

naa 

tm 

nag 

IHI 

tea 

rezi 

lESi 

iPia 

lE^ 

lEKl 
lEEl 

KiSI 

Baiwmaapjwaii 

lai^i - 

Baa' 

Big 
Baa 
Big 
Big 
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PACKAGING 


Table 4-23 H4CP109 160 MicroCool Pad to Pin Cross Reference 


LEFT 

BOTTOM 

RIGHT 





■tl 

■1 

I/O 

CEUL 

PACKAGE 

DIE 

PAD 

I/O 

CELL 

PACKAGE 

i»e 

PAD 

I/O 

CELL 

PACKAGE 


62 

11 

Btlcl 

140 

131 


218 

91 


296 

51 


OVSS(63) 

- 

ilcgl 

OVSS(141) 

- 

jgrii 

OVSS(219) 

- 


OVSS(297) 

- 


64 


ikM 

142 


jgri 

220 


fiSfM 

298 



65 

10 

■icM 

143 

130 

MB 

221 

90 


299 

50 


66 

9 


144 

129 

jgkl 

222 

89 

FHJ 

300 

49 


67 


■k!:i 

145 


FfEi 

223 


BiHl 

301 



68 


IREl 

146 


Fikl 

224 



302 



69 

8 


147 

128 

Fsm 

225 

88 


303 

48 


70 

7 

uu 

148 

127 

MB 

226 

87 


304 

47 


71 

- 

jgkl 

149 

- 

QQ 

227 


fsea 

305 



72 

- 

■EM 

150 

- 

QEl 

228 

- 


306 

- 


73 

6 

U£| 

151 

126 

jggil 

229 

86 

Raa 

307 

46 


74 

5 

■EM 

152 

125 


230 

85 

VES» 

308 

45 


75 

4 

■ERl 

153 

124 


231 

84 

REia 

309 

44 


76 

3 

iEa 

154 

123 


232 

83 

lagEi 

310 

43 


77 

2 

■ERl 

155 

122 


233 

82 

Egg 

311 

42 


78 

1 

■Egl 

156 

121 

igsa 

234 

81 

RIM 

312 

41 


OVDD3 

- 

■Rtl 


- 

igga 

OVDD3 

- 

Rliia 

OVDD3 

- 


OVDD5 

- 

ikfl 


- 

fgaa 

OVDD5 

- 

RliH 

OVDD5 

- 

76 

Sv§S 

- 

■kg 


- 


(5VS5 

- 

|304 

OV5§ 

- 


Notes: 

1. Die pad/cell numbers start at top of LEFT side and increment counter-clockwise. 

2. Package numbers start at bottom of the LEFT side and increment clockwise 

3. VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die (Array) for probe test.. 
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Table 4-24 H4CP109 208 (CU) QFP Pad to Pin Cross Reference 


LEFT 1 

DIE 

PAD 

I/O 

CELL 

PACKAGE 


RIGHT 

DIE 

PAD 

I/O 

CELL 

PACKAGE 
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PACKAGING 


Table 4-24 H4CP109 208 (CU) QFP Pad to Pin Cross Reference 



BOTTOM 

RIGHT j 





DIE 

m 

m 

CEUL 

PACKAGE 

DIE 

PAD 

I/O 

CELL 

PACKAGE 

[HE 

PAD 

I/O 

CELL 

llllllli 


58 

42 

■tcfel 

146 

94 

MM 

' "" '"224" " ” ■ 


Mil 

S02" 

198 


69 

43 


147 

95 

MM 

225 

147 

MM 

303 

199 

1^ 

70 

44 

iOi 

148 

96 

MFa 

226 

148 

MM 

304 

0 

0 

gai 

71 

45 


149 

97 

MM 

227 

149 

MM 

305 

201 

1^ 

72 

46 


150 

98 

MM 

228 

150 

MM 

306 

202 


73 

47 

ua 

151 

99 

MM 

229 

151 

MM 

307 

203 

1^ 

74 

48 


152 

100 

Mil 

230 

152 

MM 

308 

204 

Kl 

75 

49 


153 

101 

MM 

231 

153 

MM 

309 

205 

KOI 

76 

50 

ica 

154 

102 

MM 

232 

154 

MM 

310 

206 

■a 

77 

51 


155 

103 

MM 

233 

155 

MM 

311 

207 

1^ 

78 

52 


156 

104 

MM 

234 

156 

Mil 

312 

208 

ma 

OVDD3 

- 

KRil 


- 

MM 

OVDD3 

- 

MM 

OVDD3 

- 


OVDD5 

- 

KIM 


- 

MM 

OVDD5 

- 

MM 

OVDD5 

- 

■a 

OVS5 

- 


OVSS 

- 

MM 

OV§S 

- 

EQSI 

QVS§ 

- 


Notes: 

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise. 

2. VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die (Array) for probe test. 
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Table 4-25 H4CP109 208 MicroCool Pad to Pin Cross Reference 


LEFT li 

DIE 

PAD 

I/O 

CELL 

PACKAGE 


■liiiiiii 




PACKAGC 
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Table 4-25 H4CP109 208 MicroCool Pad to Pin Cross Reference 


LEFT 

BOTTOM 

RIGHT 



I/O 

CELL 

PACKAGE 

Mil 

PAD 

I/O 

CELL 

PACKAGE 

DIE 

PAD 

I/O 

CELL 

PACKAGE 

DIE 

PAD 

I/O 

CELL 

.. 

PACKAGE 


68 

11 

Ktcftl 

146 


MM 

^^4 




63 


69 

10 

■EM 

147 

166 

MM 

225 

114 

MM 

303 

62 


mumniii 

9 

■ui 

148 

165 

MM 

226 

113 

MM 

304 

61 


71 

8 

■EkI 

149 

164 

MM 

227 

112 

Mgl 

305 

60 


72 

7 

me| 

150 

163 


228 

111 

MM 

306 

59 


73 

6 

im 

151 

162 

MM 

229 

110 

MM 

307 

58 


74 

5 

ifiU 

152 

161 

Mm 

230 

109 

MM 

308 

57 


75 

4 

■EM 

153 

160 

MM 

231 

108 

MM 

309 

56 


76 

3 

uu 

154 

159 

MM 

232 

107 

MM 

310 

55 


77 

2 

lE^ 

155 

158 

MEl 

233 

106 

MM 

311 

54 


78 

1 

■ggl 

156 

157 

MM 

234 

105 

MM 

312 

53 


OVDD3 

- 

■Ril 

OVDD3 

- 

MM 

OVDD3 

- 

302 

OVDD3 

- 



- 

■Efl 

OVDD5 

- 

MM 

OVDD5 

- 

MM 

OVDD5 

- 

76 

OVSS 

- 

152 

OVSS 

- 

MM 

HKsSi^Hli 

- 

MM 

OVSS 

- 


Notes: 

1. Die pad/cell numbers start at top of LEFT side and increment counter-clockwise. 

2. Package numbers start at bottom of the LEFT side and increment clockwise. 

3. VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die(Array) for probe test. 
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LEFT SIDE 


PACKAGE 


Table 4-26 H4CP109 225 OMPAC Pad to Pin Cross Reference 


BOTTOM SIDE RIGHT SIDE 


TOPSIDE 


PACKAGE 


Bond Solder 
Finger Ball 
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Table 4-26 H4CP109 225 OMPAC Pad to Pin Cross Reference 


LEFT SIDE 

BOTTOM SIDE 

RIGHT SIDE 


DIE 

PACKAGE 

DIE 

PACKAGE 

DIE 

PACKAGE 

DIE 

PACKAGE 

i 

I/O 

Cell 

Bond 

Finger 

Solder 

Ball 

i 

I/O 

Cell 

Bond 

Solder 

Ball 

Die 

Pad 

I/O 

Cell 

Bond 

Finger 

Solder 

Ball 

■ 

Pad 

m 

Cell 

liilli 

limi 

Bolter 

Ball 

Eel 

57 

49 



136 


■39 

9 

213 

■91 

F14 

m 

292 


B6 

m 


1^1 

a 

BclS! 


Ewa 


9 


MUM 

a 

m 



a 


60 

mm 


lEfl 

138 

Mfna 

■209 

SSS 

216 

iKkW 

■iys 

m 

294 

■91 

C6 


61 

mm 

■zi 

19 

139 

■91 



217 

99 

■39 

m 

295 

11^1 

D6 

m 

62 


LI 

19 

140 

■91 

■39 

33 

218 



m 

296 

99 

A5 


OVSS(63) 

mm 

b 

[9 


WSSM 

b___ 

3E 



b 

m 


99 

b 

1^1 

64 


mm 

19 

142 

■91 

■39 

9 

220 

■E9 

■39 

m 

298 

1191 

B5 

60 

65 

mm 

wtm 

19 

143 

■9Ei 


9 

221 

■E9 


m 

299 


C5 

61 

66 

57 


EES 

144 

Ml^M 


9 





300 

193 

■091 


67 

mm 


BSD 

145 

■91 


m 

223 

■E9 

D14 


301 


9iE9 

Eel 


59 

a 

[9 

IvAl .iV/lhyd 

■91 

a 

9 


■9 

a 

m 



a 

64 

69 


M7M 

EES 

147 

■11^ 

L10 

9 

225 

99 

F11 


303 


E6 

1^ 

70 

61 

■El 

IBI 

148 

■EDI 

Mil 

m 

226 

99 

■39 


304 


D5 


71 


■2H 

19 

149 

■91 

R13 

m 

227 


■39 


305 

99 



(OVSS)72 

■SSI 

b 

19 


■91 

b 

m 

(OVSS)228 

191 

b 


(OVSS)306 


991 


73 

mm 


19 

151 

■91 

■219 

9 

229 

99 

■39 


307 

MrZM 

B99 

69 

74 


- 

EES 

152 



9 

230 




308 


;■■■ 

70 

75 

^1 

■291 

19 

153 

■E9 

■39 

9 

231 

9s!3 

■B9 

m 

309 

1^1 

9IB9 

71 

76 


■31 

19 

154 

Hc!a 

■39 

9 

232 


■39 

ss 

310 


■KQH 

72 

77 

mm 

TM 

E9 

155 

■E3 

mm 

9 

233 

199 

B14 

9 

311 

yi3rM 


m 

78 

mm 

mm 

EES 

156 

■91 

L11 

9 

234 

99 

Ell 

3D 

312 


E5 

74 

OVDD3 

■ 

- 

19 

OVDD3 

- 

- 

9 

OVDD3 

- 

- 

33 

OVDD3 

- 

- 

75 

OVDD5 

69 

a 

19 

OVDD5 

139 

a 

9 

OVDD5 

209 

a 

c!gc| 

OVDD5 

279 

a 

76 

OVSS 

70 

b 

Ll^ 

OVSS 

140 

b 

228 

OVSS 

210 

b 

33 

OVSS 

280 

b 



NOTES: 

1. Die Pad/IO-Cell numbers start at top of LEFT side and increment counter-clockwise. 

2. Pkg Pin and Bond Finger numbers start at top of left side and Increment counter-clockwise. 

3. VSS, VDD, OVSS, OVDD3, & OVDD5 Indicates fixed power and ground pads on the die(Array) for probe test. 

4. OVSS & OVDD5 in () are power and ground for Final Test and are Package dependent 

5. The following is a cross reference of package dependent Power and Ground Pkg Pin numbers: 

PWR; a = F9,F10,G10, F6, F7, G6, J6, K6, K7, K9, K10, J10. 

GND: b =F8, G7, G8, G9, H6, H7, H8, H9, H10, J7, J8, J9, K8 

6. Both OVDD5 and VDD are connected together through the package PWR pins. 

7. OVDD3 must be supplied seperately through I/O package pins for mixed voltage ( 5V / 3.3V) I/O applications. 

8. The 225 OMPAC package is limited to the following three combinations of mixed ( Core/System ) power combinations: 

5 V/5V,5 V/3V&5 V, and3 V/3 V. 
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Table 4-27 H4CP109 240 (CU) QFP Pad to Pin Cross Reference 


1 LEFT 

1 BOTTOM 1 

1 RIGHT 1 

1 TOP 

DIE I/O 

PAD CELL 

PACKAGE 

DIE 

PAD 

I/O 

CEUL 

PACKAGE 

DIE I/O 

PAD CELL 

PACKAGE 

I^E 

PAD 

I/O 

CELL 

PACKAGE 




86 

68 

87 

69 


10 


11 


12 


OVDD5(13) 


14 


15 


OVSS(16) 


17 


18 


gapmiiiiaHiai 
1^1 

KSII 



_ 

sai 

El l_ 


iE&l!_ 

Biiai 

uai_ 

iEai 

HEII 
■Oil 

roa 

TOM 

flEI 

TOM 

DSP 

ma 
foa 

figi 

■Hil 

tm\ 

■raiI«M»l»MtW!a 

TOMMtHfekTtMW 

i^l- 

E^l 
i^l 
i^l 

mil 
Eai 

TOMI 

fsai 

sal 

mil 


162 

126 

163 

127 

164 

128 



mil 

^91 
^1 
^1 
mil 
mil 

ggai 

liE!MK»gJ»l»!.-fami 

mil 
geai 
RaK»amm«aii 
aa\ - 

Bar 

mil 
mil 
mil 

^31 
^1 
mil 

E^l 

mm 

iSiltl l 
KRil 




^1_ 

EBUfSmmiM 
Baai - 

EMM 
laaa 
tsxt 
^1 
^1 
■5iE ~ 

■gaa 
ESgM 
legia 
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Table 4-27 H4CP109 240 (CU) QFP Pad to Pin Cross Reference 


__ 

BOTTOM 

RIGHT 


DIE 

PAD 

I/O 

CELL 

PACKAGE 

mm 

Hi 

I/O 

CELL 

PACKAGE 

sES 

I/O 

CELL 

PACKAGE 

DIE 

PAD 

I/O 

CELL 



68 

50 


146 

110 

03 

224 

170 


302 

230 

;i^ 

69 

51 

uu 

147 

111 


225 

171 


303 

231 

11^ 

70 

52 

mi 

148 

112 


226 

172 


304 

232 


71 

53 

igm 

149 

113 


227 

173 


305 

233 

|i^ 

72 

54 

lEkl 

150 

114 


228 

174 


306 

234 


73 

55 

mi 

151 

115 


229 

175 


307 

235 

ll^ 

74 

56 


152 

116 


230 

176 


308 

236 

iBI 

75 

57 


153 

117 


231 

177 


309 

237 

BB 

76 

58 

mi 

154 

118 


232 

178 


310 

238 


77 

59 

mi 

155 

119 


233 

179 


311 

239 


78 

60 


156 

120 


234 

180 


312 

240 

El 

OVDD3 

- 



- 


OVDD3 

- 

ggia 


- 


OVDD5 

- 

KCTi 


- 


OVDD5 

- 


OVDD5 

- 

76 

OVSS 

- 



- 


3ll|gj|j2^^3i 

- 


OVSS 

- 


Notes: 

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise. 

2. VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die (Array) for probe test. 
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Table 4-28 H4CP109 313 OMPAC Pad to Pin Cross Reference 
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Table 4-28 H4CP109 313 OMPAC Pad to Pin Cross Reference 


LEFT SIDE 

BOTTOM SIDE 

RIGHT SIDE 


DIE 

PACKAGE 

DIE 

PACKAGE 

DIE 

PACKAGE 

DIE 

PACKAGE 


I/O 

Bond 



yo 

Bond 

Solder 


I/O 

Bond 

Solder 


uo 

Bond 

Solder 

n 

Cell 

Finger 


S 

Cell 

Finger 

Bali 

SI 

Cell 

Finger 

Ball 

s 

Ceil 

Finger 

Ball 

Eel 

57 

mm 

T1 


136 

MUM 



213 

■3 

■31 

3 

292 


A9 

E3 

58 

mm 


lES 

137 

■sa 

U16 


214 

j^Kefel 

■33 


293 

lEm 


ESI 

60 

mm 



138 

BEI 



216 

mm 

■31 

SIS 

294 

II^B 


m 

61 


wm 

EES 

139 

1E1 

mSBM 


217 

■na 

J19 

IB 

295 


■3I 


62 

mm 

■El 

lES 

140 


mm 


218 

lEgl 


m 

296 

39 


m 

OVSS(63) 

10213 

a 

EES 

OVSS(141) 


a 

ITil 

OVSS(219) 


a 

m 

Esmm 

BdSUl 


11^1 

64 

■a 

mm 

BcH 

142 

WSBM 

■231 

3D 

220 


■31 

m 

298 


■31 

El 

65 



EES 

143 



3D 

221 

iKfellil 

■23 

m 

299 


Ell 

m 

66 

msm 

mm 

BeH 

144 



3E] 

222 

WiVJi 

1^31 

m 

300 


K7 

El 

67 



BcTH 

145 

MPIM 

ESEI 

SB 

223 



3513 

301 


B8 

Eel 

68 

mm 


fgSl 

146 

wmM 

■203 

m 

224 

msM 


ID 

302 

KTilcl 

F10 

m 

69 

KOI 

wEm 

EES 

147 

mim 

X17 


225 


■31 


303 

MMM 

E9 

m 

70 


mm 

lEII 

148 



m 

226 


■31 

Hcl 

304 

MM 

A5 


71 


fM 

QIS 

149 


KIEI 


227 


■213 

m 

305 

^1 

F8 

m 

72 

MM 

KOI 

[EE! 

150 

wmM 

■23 

m 

228 

■31 

MS^IM 

3 

306 


D8 

m 

73 

mm 


EEQ 

151 

BESI 

MUM 


229 

gEM 

G23 

3 

307 

MIM 

C7 

m 

74 

loa 

K3' 

EES 

152 

msM 






3 

308 

■31 

B6 

m 

75 

64 

mm 

EES 

153 

■EHI 

■31 


231 



3! 

309 

(Em 

D6 

El 

76 


i[^i 

EES 

154 

■ESI 

X21 


232 

EH 

E21 

31 

310 

mm 

C5 

wa 

77 



m 

155 

EEQESI 



233 

mm 

■31 

3 

311 

WfSM 

E7 

d 

78 

mm 

mm 


156 

iMe?el 



234 

sa 

C25 

3 


BkirZa 

A3 

El 

OVDD3 

mm 

c 

IHil 

OVDD3 


d 


OVDD3 

MI%fM 

e 

EES 


msm 

f 

75 

OVDD5 

PWR 

b 

151 

OVDD5 

PWR 

b 


OVDD5 

PWR 

b 

303 

OVDD5 

PWR 

b 

76 

OVSS 

GND 

a 

152 

OVSS 

GND 

a 


OVSS 

GND 

a 

304 

OVSS 

GND 

a 


NOTES: 

1. Die Pad/IO-Cell numbers start at top of LEFT side and increment counter-clockwise. 

2. Pkg Pin and Bond Finger numbers start at top of LEFT side and increment counter-clockwise. 

3. VSS, VDD, OVSS, OVDD3, & OVDD5 indicates fixed power and ground pads on the die (Array) for probe test. 

4. OVSS & OVDD5 in () are power and ground for Final Test and are Package dependent. 

5. The following is a cross reference of package dependent Power and Ground Pkg Pin numbers: 

PWR: a = J13, K10, K16, L11, L13, L15, M12, M14, N9, Nil, N13, N15, N17, P12, P14, R11, R13, R15, S16, T13 

ODD3: c = Y2, AA2 d =AA22, AA24 e = A25, B24 f = C3, E5 

GND: b =G7, G19, H8, H18, J9, J17, S10, T9. T17, U8, U18, V7, V19. 

6. Only OVDD5 Is connected to package PWR pins. VDDIs be supplied seperately through I/O package pins. 
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Table 4-29 H4CP109P1 
Analog PLL Option 1 


iOtfOM 

iHlli 


PAD 


77 

vss 

78 

VDD 

79 

AVSS 

80 

AVDD 

81 

79 

82 

80 

83 

81 

84 

82 

85 

83 

86 

84 

87 

85 

88 

86 

89 

87 

90 

88 

91 

OVDD5(90) 

92 

91 

93 

92 

94 

OVSS(93) 

95 

94 

96 

96 

97 

97 

98 

98 

99 

99 

100 

100 

101 

101 

102 

102 

103 

OVSS(104) 

104 

OVDD5(105) 

105 

106 

106 

107 

107 

109 

108 

110 

109 

111 

110 

112 

111 

113 

112 

115 

113 

116 

114 

OVSS(117) 

115 

118 

116 

120 

117 

121 

118 

122 

119 

123 

120 

124 

121 

126 

122 

127 

123 

128 

124 

OVDD5(129) 

125 

OVSS(131) 

126 

132 

127 

133 

128 

134 

129 

136 


Table 4-29 H4CP109P1 
Analog PLL Option 1 



■■■1 


PAD 

CiLL 

130 

137 

131 

138 

132 

139 

133 

140 

134 

OVSS(141) 

135 

142 

136 

143 

137 

144 

138 

145 

139 

146 

140 

147 

141 

148 

142 

149 

143 

150 

144 

151 

145 

152 

146 

153 

147 

154 

148 

155 

149 

156 

150 

OVDD3 

151 

OVDD5 

152 

OVSS 


Note: This table replaces the BOTTOM side of each 
pad to pin table for each array/package combination 
when Analog PLL option 1 is used In the H4CP109 
array. 
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Table 4-30 H4CP109P2 
Analog PLL Option 2 


BOTTOM 

TOP 

iiii 

I/O 

OIE 


Ba 

CELL 

PAD 


77 

vss 


vss 

78 

VDD 


VDD 

79 

AVSS 


AVSS 

80 

AVDD 


AVDD 

81 

79 


235 

82 

80 


236 

■a 

81 


237 

^4- 

(OVDD5)82 


(OVDD5)238 

Bi 

83 


239 

Bi 

(OVSS)84 

■gsi 


87 

85 


241 

88 

86 


242 

m 

87 

MtllM 

243 

90 

88 


244 

91 

OVDD5(90) 



92 

91 


247 

93 

92 


248 

94 

OVSS(93) 


OVSS(249) 

95 

94 

tESM 

250 

96 

96 

WSSM 

252 

97 

97 

ISSi 

253 

98 

(VSS)98 

250 


99 

99 

251 

255 

■ESI 

100 

Mta>m 

256 


101 


257 

■ESI 

102 


258 

■ES 

OVSS(104) 


OVSS(260) 

■E9 

OVDD5(105) 

iKcai 

OVDD5(261) 


106 


262 


107 


263 


109 


265 

■ESI 

110 


266 

■ESI 

(OVSS)III 


(OVSS)267 

110 

112 


268 

111 

113 


269 

112 

115 

fESM 

271 

113 

116 


272 

■lEI 

OVSS(117) 


OVSS(273) 

fnai 

118 


274 

■BS 



{OVDD5)276 

warn 

121 


277 

msm 

122 


278 

■!■ 

123 

WsVil 

279 

■ESI 

124 

jgSPli 

280 


126 


282 

■ESI 

127 


283 

■Si 

128 


284 

■ESI 


IQS 

OVDD5(285) 

125 

OVSS(131) 

1 277 

OVSS(287) 


132 


288 

■E9 

133 


289 


134 


290 


136 


292 


Table 4-30 H4CP109P2 
Analog PLL Option 2 


BOTTOM 

TOP 

DIB 

I/O 

DIE 


PAD 

CELL 

PAD 

CELL 

Kia 



(VDD)293 

McM 

138 

HKilcM 

294 

■E3 

139 


295 

■eei 

140 

ireAH 

296 


OVSS(141) 

ESSi 

OVSS(297) 

■Ea 

142 

iSB 

298 

136 

143 

■Si 

299 

137 

144 

mmi 

300 

138 

145 


301 

■eei 



(OVDD5)302 

■ESI 

147 


303 

■eb 

148 

Makm 

304 

142 

149 


305 

143 

(OVSS)150 

IRiM 

{OVSS)306 

144 

151 

■■ 

307 

145 

152 

iSB 

308 

■OS 

153 


309 

mm 

154 

■Ql 

310 

warn 

155 


311 

■■1 

156 

■EB 

312 

■■1 

OVDD3 

■E9 

OVDD3 

■■1 

OVDD5 

■EB 

OVDD5 

■Si 

OVSS 


OVSS 


Note: This table replaces the BOTTOM and the TOP 
side of each pad to pin table for each array/package 
combination when Analog PLL option 2 is used in the 
H4CP109 array. 
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OVSS 
OVDD5 OVDDs'^ 
^340 

\ DODO 


OVSi 

vss 


ovnns VDD 


OVSS 


ovs; 


OVDD5' 


40 

OVDDS^!^ 


OVDD5 


ovs; 


eO/Vss 

I[f /OVSS 

OVDD5 


OVDD3 



S 

OVDD5' 


VSS 

^ n OVSS 
OVDD5 


Figure 4-5 H4CP146 Footprint 

Note: 

P1 = Analog PLL option 1 (H4CP146P1) bottom left corner only, 
see Table 4-34 for I/O to pad configuration 
P2 = Analog PLL option 2 (H4CP146P2) bottom left and top right corners, 
see Table 4-35 for I/O to pad configuration. 
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Table 4-31 H4CP146 160 MicroCool Pad to Pin Cross Reference 



BOTTOM \ 

DIE 

PAD 

CELL 

PACKAGE 


RIGHT 


DIE I/O 
PAD CELL 


TOP 


DIE I/O 
PAD CELL 




107 

- 

108 

- 


Ill 

- 

112 

- 



KiltM - 

■PH 

EPRl 

BRgl 

amir 

■BH 

iEai 
fEill 

■ili] 

KlilBSWggTigRM i 

Hai 
DT 

liEL 
tm\ 

he:;_ 

nr 

HE 

reg 

E^l 

1^ 1 

isai 

KM 

iBl 
reapyjiiiWticMi l 
KRIil l 

EEOI 

■EEII_ 

gicicimii»«Er>M i 

BREl l- 

Bfcir 

iEai 
nai 

EEEII 

gRE~ 

EQII- 


121 


VSS(123) 


124 



147 
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Table 4-31 H4CP146 160 MicroCool Pad to Pin Cross Reference 


LEFT 

Bonoii 

RIGHT 

TOP 

DIE 

PAD 

I/O 

CELL 

PACKAGE 

■H 

H 

I/O 

CBIL 

PACKAGE 

DIE 

PAD 

I/O 

CELL 

PACKAGE 

DIE 

PAD 

I/O 

CELL 

PACKAGE 

Eel 

OVSS(69) 

- 

IgCl 

OVSS(159) 

- 


OVSS(249) 

- 

ESI 


- 

fSM 

70 

- 

SRfil 

160 

- 

FRRl 

250 

- 

lcR?J 

340 

- 

wm 

72 

- 


162 

- 


252 

- 

■cWcl 

342 

- 

KM 

73 

11 


163 

131 


253 

91 


343 

51 


74 

10 


164 

130 


254 

90 

■cMei 

344 

50 


75 

- 


165 

- 

jglil 

255 

- 

jewel 

345 

- 


76 

- 


166 

- 


256 

- 

ieka 

346 

- 

mm 

C)VDD5(77) 

- 


OVDD5(167) 

- 


6VDD5(257) 

- 



- 

mm 

78 

9 


168 

129 


258 

89 

ieWil 

348 

49 

mm 

79 

8 


169 

128 


259 

88 

iekOl 

349 

48 

mm 

OVSS(80) 

- 



- 


OVSS{260) 

- 

ESI 

OVSS(350) 

- 

msM 

81 

- 

ERfil 

171 

- 


261 

- 

iekWI 

351 

- 

mm 

82 

7 

MRil 

172 

127 

KM 

262 

87 

ESI 

352 

47 

Ea 

83 

6 

ina 

173 

126 


263 

86 

ielegl 

353 

46 

mm 

84 

- 

ERR! 

174 

- 

QEI 

264 

- 

leRRl 

354 

- 

■a 

85 

- 

ERgl 

175 

- 

KeRl 

265 

- 


355 

- 

Kl 

86 

5 

ERRl 

176 

125 

Kiia 

266 

85 


356 

45 

■la 

87 

4 

ERR! 

177 

124 

KeRl 

267 

84 

ESI 

357 

44 

mm 

88 

3 

ERa 

178 

123 

Ksa 

268 

83 

jgf^ 

358 

43 

Ea 

89 

2 

ERRl 

179 

122 

Kgl 

269 

82 

ESI 

359 

42 

Ka 

90 

1 

ERR! 

180 

121 

KiSl 

270 

81 


360 

41 

KOI 

OVDD3 

- 

M¥SM 


- 

KeRl 

OVDD3 

- 

iega 

OVDD3 

- 

Ea 

OVDD5 

- 

fBM 

OVDD5 

- 

KM 

OVDD5 

- 

iegicl 

OVDD5 

- 

86 

OVSS 

- 

wfa 

OVSS 

- 

258 

OVSS 

- 

jegga 

OVSS 

- 


Notes; 

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise. 

2. VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die for probe test and are array dependent. 
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Table 4-32 H4CP146 208 MicroCool Pad to Pin Cross Reference 


BOTTOM 


m 



TOP 

Die 

PAD 

I/O 

CEU. 

PACKAGE 


187 


OVSS{188) 


189 


KEa 
ggai 

KEia i 
■Ea i 
jgilil l 

jgCT I 

jgiRi i 

jgjgi i 
igiaMHsfgRM I 
Kta i 
jgjfg i 
Kiiai 

jgiai i 

ggi 
KRI I 

iggl | 
igRi | 

jgRl I 
igyEi j 
Kga i 
15M 


11^1 

11^1 

1^1 

11 ^ 

1^1 

1^1 

11 ^; 

1^1 

imt\ 

\mr 

ISti 

iim\ 

\mMi 

imaat 

ami 

imit 

imii 

imn 

1^1 


OVSS{278) 


280 


OVDD5(281) 


^1 

^1 

^1 

^1 

^1 

1^1 

1^1 

^1 

^1 

^1 

1^1 

^1 


i«yi.-MWiicn 


OVSS(307) 


308 



OVDD5(225) 


226 


VDD{230) 


232 127 


^1 

^1_ 

KisiMaaHgai 

^1 
1^1 
^1 

^1 

Bai 


1 131111 1_ 

HtIiIM»Pi»HMIctHH 

lEsa 

I Klia i 

li&ai_ 

i iaiiamiiiUtMtMi 

lisai 
lEsa 
lisai 
lEggll 
liir 
limi 


I EH 
lESlI 
lEiai 
EOll 
EfliL 
EBII 
EiEII 
imu 


OVDD5(328) 


329 


330 


332 
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Table 4-32 H4CP146 208 MicroCool Pad to Pin Cross Reference 


LEFT 

0OTTOM 

RIGHT 


DIE 

PAD 



■Hi 

HI 

t/0 

CEU. 

PACKAGE 

DIE 

PAD 


PACKAGE 

CKE 

PAD 

I/O 

CELL 



OVSS(69) 

- 

03 


- 


OVSS{249) 

- 

ESI 


- 


70 

- 

IHtl 

160 

- 

Keia 

250 

- 


340 

- 

1^ 

72 

13 

KRfl 

162 

169 

igca 

252 

117 

PWci 

342 

65 

1^ 

73 

12 


163 

168 


253 

116 


343 

64 

mm 

74 

- 


164 

- 


254 

- 

PkRl 

344 

- 


75 

11 


165 

167 


255 

115 


345 

63 

1^ 

76 

10 

KRa 

166 

166 

i^a 

256 

114 

Pk>J 

346 

62 

mm 

0VDD5(77) 

- 


6VDD5(167) 

- 


OVDD5(257) 

- 

PW:i 


- 

BO! 

78 

9 

■Ra 

168 

165 

1^ 

258 

113 

Ptol 

348 

61 


79 

8 

ERa 

169 

164 

jgn 

259 

112 

PkM 

349 

60 

Kl 

OVSS(80) 

- 

il^ 

OVSS(170) 

- 

KRl 

OVSS(260) 

- 

Pkll 

OVSS(350) 

- 

mm 

81 

- 

gRTil 

171 

- 


261 

- 

PkkJ 

351 

- 

ira 

82 

7 

KRfli 


163 

jgga 

262 

Ill 

PkkI 

352 

59 

tm 

83 

6 

■Ra 


162 

iQini 

263 

110 

Pkgl 

353 

58 

mm 

84 

- 

Klgfcl 

174 

- 

Kggi 

264 

- 

Pkki 

354 

- 

d 

85 

- 

KRgl 

175 

- 


265 

- 

PkRl 

355 

- 

1^ 

86 

5 

■RRl 

176 

161 

paw 

266 

109 

Pka 

356 

57 

■iia 

87 

4 

JBM 

177 

160 

PRa 

267 

108 

PkRl 

357 

56 

KOI 

88 

3 

KRa 

178 

159 

paci 

268 

107 

Pka 

358 

55 

Ea 

89 

2 

KRRl 

179 

158 

PRgl 

269 

106 

pnii 

359 

54 

Ea 

90 

1 

■RPl 

180 

157 

PRRl 

270 

105 

PCTi 

360 

53 

mm 

OVDD3 

- 

■Wil 


- 

paa 

OVDD3 

- 



- 

Ea 

OVDD5 

- 

mi 

OVDD5 

- 

PRa 

OVDD5 

- 

p^ 


- 

Ea 

OVSS 

- 


OVSS 

’ 

PRa 

OVSS 

- 

pggi 

OVSS 

- 


Notes: 

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise. 

2. VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die for probe test and are array dependent. 
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LEFT SIDE 


Table 4-33 H4CP146 313 OMPAC Pad to Pin Cross Reference 

I RIGHT SIDE 




PACKAGE 


I HrigUl l 


I IE 


(OVDD3)95 


96 


97 


OVSS(98) 


99 

100 




Ell 
lai 

mt 

m i _ 

KFSI«wia3naK«i;un 

Ell 
Ell 
Ell 
mi 

Ell_ 

13aBi»tf£fe!8tMc1?l»l l 

^1 

mi 

mi _ 

Ell 
EOI 
mt 


_ _EEB EIB iBi DEI 

|^[ 

lEDI 

EISEBIi^l^ 1^1 
mt 

EEi§|HB|||^9|^| E BBEIM KEII 

EI ME3Bi K3iB!EB EEEBjj^^BI^^ 

B3M^CTBBE|B|^CT 

I EDHEaiBBHai mMMBMMMM 
EDHSBiKa mmm^mm 

DBI 


impnggnBi Ega i 
mi 

DEI 
OBI 


(0VDD5)11 


VSS{123) 


124 


125 


126 


146 


l ^dgUl l 


TOPSIDE 



E 
IE. 

ED I _ 

nsi 

F33t»wrf»nr3aiKffliti i 

iE3L__ 

ni3 6vti!>iti?a5n'iiiCT5'i 

m 
m 

_ 

E!a iWfcltffE!aBc1Jltl l 

El 

iEL_^_ 

m 

El 
^ 1 

aiH 
gig! 

SB I 

gigWiiMBicMelflti l 

m 
m 

m\ _ 

giiin»y/tfc!i»jkiWti?i»i 

3E 
UL 

gB 

3E 

BB I _ 

m 

gB 

m 

S5il 

m 


201 

202 

OVSS(203) 

204 


209 


218 


220 


OVDD5(225 


226 


228 


VDD(230) 


231 


mi 


PACKAGE 


Bond Solder 
Finger Bail 


l|^3l 


280 

OVDD5(281 


282 


^1 

Bgiii 

^1 

BiB I 
^ggl l 

E3 I 

BSlSIHgJfftggaBgBgicM I 
Eggll - 

_ 

ERg!I»tfii!iTW:Me1iltl l 

^1 

mi 

mi 
mi 

laai 

mi 

E^l 
lEll 

^1 

Ell 

ig3ag»7JS5yg?glBc1g!51 l 

EBI 


295 


HI 

HI 

ES I _ 

^ bbee 

HI 
HI 
HI 

EE I _ 

[SQESS32^ISIIZ33I 
[El 

HI 
HI 

c!i!iifc’Jt]i»M»M 

HI 
HI 
HI 
HI 
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Table 4-33 H4CP146 313 OMPAC Pad to Pin Cross Reference 


LEFT SIDE 


BOTTOM SIDE 


DIE PACKAGE 


i^O Bond Sotd^ 

Cell Finger Ball 


RIGHT SIDE 


TOPSIDE 


I IRglllMBgMMjinCTIIgggi BBS! 

-li^EEDI- 





1 1 

1 PACKAGE 

Solder 

Ball 

Die 

Pad 

I/O 

Cell 

Bond 

Finger 

liliii 

iilill 



B M _ 

UEI 

mm 

^1 

m 

eSEIII 


iijjj gEna Eggi 


^QSSils^^l^ZSI 

mmiwgjmmit - 


IB!9 D^BBEDHIBSH&Qsl 

_ KBB E^i ES 

liivi-M 1^1 


I B_ 


HUsidl KiESIl 

KtcMBsU^Jcl Egg!! 



iaio | 

ESEII 




_ mt 

^^WBSSKUESU 

ggftjMMggEIMIB^Mi 
ggnie7J^feg?iigc!git'i i 
~^i 


OVSS{350)| 


351 


352 



tggl l 

iSB I 


0VDD5 


ovss 


NOTES: 

1. Die Pad/IO-Cell numbers start at top of LEFT side and increment counter-clockwise. 

2. Pkg Pin and Bond Finger numbers start at top of left side and increment counter-clockwise. 

3. VSS, VDD, OVSS, 0VDD3 and 0VDD5 indicate fixed power and ground pads on the die (Array) for probe test. 

4. OVSS & 0VDD5 in () are power and ground for Final Test and are Package dependent 

5. The following is a cross reference of package dependent Power and Ground Pkg Pin numbers: 

GND: a = J13, KIO, K16, L11, L13, L15, M12, M14, N9, Nil, N13, N15, N17, P12, P14, R11, R13, R15, S16, T13 
OVDD3: c = Y2, AA2 d = AA22, AA24 e = A25, B24 f = 03, E5 
PWR: b = G7, G19, H8, H18, J9, J17, S10, T9, T17, U8, U18, V7, V19 

6. Only 0VDD5 is connected to package PWR pins. 
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Table 4-34 H4CP146P1 


Analog PLL Option 1 




Die 


Pad 

C^l 

87 

vss 

88 

VDD 

89 

AVSS 

90 

AVDD 

91 

91 

92 

92 

93 

93 

94 

94 

95 

95 

96 

OVSS(96) 

97 

97 

98 

99 

99 

OVDD5(100) 

100 

101 

101 

102 

102 

104 

103 

105 

104 

106 

105 

107 

106 

108 

107 

109 

108 

110 

109 

111 

110 

112 

111 

OVSS(113) 

112 

114 

113 

115 

114 

116 

115 

118 

116 

119 

117 

120 

118 

121 

119 

VSS(123) 

120 

124 

121 

125 

122 

126 

123 

OVSS(127) 

124 

128 

125 

130 

126 

131 

127 

132 

128 

133 

129 

OVDD5(135) 

130 

136, 

131 

137 

132 

138 

133 

VDD(140) 

134 

141 

135 

142 

136 

143 

137 

144 

138 

146 


Table 4-34 H4CP146P1 


Analog PLL Option 1 


iiiliilliilillliilM 


Die 

I/O 

Pad 


139 

147 

140 

OVDD5(148) 

141 

149 

142 

150 

143 

152 

144 

153 

145 

154 

146 

155 

147 

157 

148 

158 

149 

OVSS(159) 

150 

160 

151 

162 

152 

163 

153 

164 

154 

165 

155 

166 

156 

OVDD5(167) 

157 

168 

158 

169 

159 

OVSS(170) 

160 

171 

161 

172 

162 

173 

163 

174 

164 

175 

165 

176 

CD 

177 

167 

178 

168 

179 

169 

180 

170 

OVDD3 

171 

OVDD5 

172 

OVSS 


Note: This table replaces the BOTTOM side of 
each pad to pin table for each array/package com¬ 
bination when Analog PLL option 1 is used in the 
H4CP146 array. 
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Table 4-35 H4CP146P2 
Analog PLL Option 2 


BOTTOMSIDE 


DIE 

DIE 

Ole 

m 

Pie 

m 

Ped 

Cell 

Fed 

Cell 

87 

vss 


vss 

mm 

VDD 

Mil 

VDD 

El 

AVSS 

WJM 

AVSS 

El 

AVDD 

mm 

AVDD 

mm 

91 


271 

mm 

92 

1^3 

272 


93 

Kn 

273 

El 

94 

mm 

274 


95 


275 

MM 



OVSS(276) 

mm 

97 

mm 

277 


99 

mm 

279 


OVDD5(100) 

mxm 

OVDD5(280) 

BESI 

101 

ma 

281 

BEO 

102 

mm 

282 




284 

MldSM 

105 

I^D 

285 

Till 

106 


286 


107 

EZi 

287 

eb 

108 

Ml 

288 

EEI 

109 

Mil 

289 

IKM:1 

110 

Mil 

290 

Migl 

111 

MM 

291 

■III! 

112 

El 

292 

Bn 

OVSS(113) 

Ml 

OVSS(293) 

mum 

114 

Mgl 

294 

WEI 

115 


295 

nn 

116 

m.iM 

296 

BIB 

118 

MM 

298 

tBJM 

119 

I^EI 

299 

wm 

120 

1^3 

300 

■o 

121 

1^3 

301 

BEEI 

VSS(123) 


VSS(303) 

BEB 

124 


304 

BOB 

125 


305 


126 

if^SI 

306 


OVSS(127) 

Ml 

OVSS(307) 


128 

EsD 

308 


130 

I^D 

310 

Hkyim 

131 

1^3 

311 

WOI 

132 

WMt 

312 

MPhM 

133 

En 

313 

WSl 


MM 

OVDD5(315) 

BEEI 

136 


316 

BED 

137 

Miki 

317 

BED 

138 

MM 

318 

BED 

VDD(140) 

BED 

VDD(320) 

BED 

141 

eed 

321 

bed 

142 

MM 

322 

Mcf;i 

143 

Mi!;l 

323 


144 

El 

324 


Table 4-35 H4CP146P2 
Analog PLL Option 2 


BOTTOM SIDE 

liiiiiiiiiiiliiiiiM 

DIE 


Die 

I/O 

Die 


Pad 

Cell 

Pad 


^klil 

146 

■ID 

326 

■ED 

147 

BED 

327 

■ED 

OVDD5(148) 

■ID 

OVDD5{328) 

Em 

149 

Mkl 

329 


150 

Mgl 

330 

■ED 

152 

■ID 

332 

Em 

153 

BID 

333 

Ml\M 

154 

■ID 

334 

■ED 

155 

Ml;! 

335 

Em 

157 


337 

Em 

158 

lycMiM 

338 

gEkl 


Mckll 


MSf'il 

160 


340 


162 

■VJcl 

342 

■ED 

163 


343 

■ED 

164 

B3i 

344 

WM 

165 


345 


166 

■31 

346 

■ED 

OVDD5(167) 

328 

OVDD5(347) 

MM 

168 


348 

■Oil 

169 

WM 

349 

■^^El 

OVSS(170) 

■M 


MM 

171 

BcIcM 

HIBESBBBl 

BDI 

172 

MM 

352 

■ED 

173 

licIcgM 

353 

■|iD 

174 

■ED 

354 

Wgl 

175 

BED 

355 

■Di 

176 

■E3 



177 

MM 


MM 

178 

BckM 

358 

■ED 

179 

BSD 

359 

■1^ 

180 

■ED 

360 

UD 

OVDD3 

■ED 

OVDD3 

■Bl 

OVDD5 

■ED 

OVDD5 

1 172 

OVSS 

1 344 

OVSS 


Note: This table replaces the BOTTOM and the TOP 
side of each pad to pin table for each array/package 
combination when Analog PLL option 2 Is used In the 
H4CP146 array. 
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0VDD3 
0VDD5 

OVSS I 
VSSs^QD 


OVSS 


o\/rknc _PVDDS 


OVSS 

< OVDD5 n\/QQ 



PI ' ’''''VDD 

or P2 


■*^0 OVSS'*"*® I 

OVDD5 


120 I VSS130/ ovssi^® \ / 150\ VSSie 

OVSS OVDD5 VDD OVSS_ 


OVDD5 


OVSS 


OVSS 


-VDD 

iQQnDq^ 

j OVSS 

/ OVDD5 
OVDD3 


I 


Figure 4-6 H4CP178 Footprint 

Note; 

P1 = Analog PLL option 1 (H4CP178P1) bottom left corner only, 
see Table 4-39 for I/O to pad configuration. 

P2 = Analog PLL option 2 (H4CP178P2) bottom left and top right corners, 
see Table 4-40 for I/O to pad configuration. 
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Table 4-36 H4CP178 160 MicroCool Pad to Pin Cross Reference 


LEFT 

I/O 

CELL 


PACKAGE 


BOTTOM 

Ira □ 


PACKAGE 


RIGHT 

ITo T 

CELL 


65 


67 


VSS{68) 


TOP 

VO 

CELL 




PACKAGE 




147 

141 

148 

140 

150 

- 


lEa i 

iEai- 

KR!S1 
■tcgl 
ggTil 

Bmii 

VM 
WSM\ 

gga i 

uai 

mil 

KBST 

KHl 

EEll 
i^i 

iBIl 


167 


VSS(168) 




Kclil 

isSkl 

jiggl 

jgRa i 

Kca | 

Kclil 

igcgi i 

wzfm i 

iggi i 

KEi i 

KM 

ligISl 

Kgtl 



VDD(351) 


OVSS(258) 


259 

261 


OVDD5(262) 


264 


265 


267 


VSS(268) 



1^ 1 

iai i 

ic^ l 
IcRISl ' 

Rea l 
Rea l 
R^ l 
Rea l 

Rna [ 


ReglPOTiJiMklekil i 

legiqi l 

legRT 
RMi 




365 


VSS(368) 
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Table 4-36 H4CP178 160 MicroCool Pad to Pin Cross Reference 


LEFT 

BOnOM 

1 RIGHT 

lIliMil— 

DIE 

PAD 

I/O 

CELL 

PACKAGE 

Mill 

HI 

CELL 

PACKAGE 

DIE 

PAD 

I/O 

CELL 

PACKAGE 

(He 

PAD 

VO 

CEU 

lilliH 


69 

14 


169 

134 


269 

94 


369 

54 

tSM 

70 

13 

KL-f:l 

170 

133 


270 

93 

icgr.-i 

370 

53 


72 

- 


172 

- 

KiRl 

272 

- 


372 

- 


73 

- 


173 

- 

iggi 

273 

- 

■cgjii 

373 

- 

1^ 

6VSS(74) 

- 


OVSS(174) 

- 


OVSS(274) 

- 


OVSS(374) 

- 


75 

- 


175 

- 


275 

- 

■cWil 

375 

- 

1^ 

77 

12 


Ml 

132 


277 

92 

icMl 

377 

52 


78 

11 


178 

131 


278 

91 


378 

51 

■Ol 

79 

- 


179 

- 


279 

- 

icLici 

379 

- 

mm 

80 

- 


180 

- 

Rslil 

280 

- 

IcWI 

380 

- 


81 

10 


181 

130 

RiiE 

281 

90 


381 

50 

El 

82 

9 


182 

129 

RtRl 

282 

89 

■cM;! 

382 

49 

■a 

84 

- 

ingi 

184 

- 

RiRl 

284 

- 


384 

- 

mm 

OVDD5(85) 

- 

re»a 

OVDD5(185) 

- 


OVDD5(285) 

- 

mi 


- 


86 

- 

EHI 

186 

- 

RiRl 

286 

- 

mi 

386 

- 

El 

87 

8 


187 

128 

1^ 

287 

88 

mi 

387 

48 

El 

88 

7 


188 

127 

Ria 

288 

87 

R:il 

388 

47 

■ig 

OVSS(89) 

- 


OVSS(189) 

- 

R^ 

OVSS(289) 

- 

mi 

OVSS(389) 

- 

El 

90 

- 

M¥im 

190 

- 

R^ 

290 

- 

mi 

390 

- 

tm 

91 

- 

EKa 

191 

- 

FfffM 

291 

- 

mi 

391 

- 

Ea 

92 

6 

W 

192 

126 

H9SM 

292 

86 

IcRRl 

392 

46 

ESI 

93 

5 


193 

125 


293 

85 


393 

45 

Ea 

94 

- 

Efgl 

194 

- 

Rrjcl 

294 

- 

Ria 

394 

- 

Ea 

95 

- 

ERIil 

195 

- 

WifZM 

295 

- 

mi 

395 

- 

Ea 

96 

- 

mi 

196 

- 


296 

- 


396 

- 

Ea 

97 

4 


197 

124 

Wifim 

297 

84 


397 

44 

Ea 

98 

3 

ERR! 

198 

123 

RM 

298 

83 

mi 

398 

43 

gli» 

99 

2 

Eca 

199 

122 

Rg^ 

299 

82 

icai 

399 

42 

Ea 

100 

1 

ERRl 

200 

121 

R^ 

300 

81 


400 

41 

Ea 

OVDD3 

- 

ERia 

OVDD3 

- 

R^ 

OVDD3 

- 


OVDD3 

- 

giai 

OVDD5 

- 

Eoa 

OVDD5 

- 

Ri¥E 

6VDD5 

- 

Em 


- 

Ea 

OVS§ 

- 

mi 

5vss 

- 

RiRl 

OVSS 

- 

1^ 


- 


Notes: 

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise. 

2. VSS, VDD, OVSS, OVDD3 and OVDD5 Indicate fixed power and ground pads on the die for probe test and are array dependent. 
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Table 4-37 H4CP178 208 MicroCooi Pad to Pin Cross Reference 


LEFT 1 

DIE 

PAD 

I/O 

CELL 

PACKAGE 


BOTTOM 





i mtm \ 

IgcRM I 


lEl l 


ll^l 
ll^^l 
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Table 4-37 H4CP178 208 MicroCool Pad to Pin Cross Reference 


LEFT 

BOTTO 

M 

RIGHT 

TOP 

DIE 

PAD 

I/O 

CELL 

PACKAGE 

Hiii 

m 

m 

cm. 

PACKAGE 

DIE 

PAD 

I/O 

CELL 

PACKAGE 

mi 

Hi 

VO 

CEU. 

mmsi 

reel 

69 

18 


169 

174 

FMl 

269 

122 


369 

70 

1^ 

70 

17 


170 

173 


270 

121 


370 

69 

Edi 

72 

16 

mubi 

172 

172 


272 

120 

F^irJ 

372 

68 

mam 

73 

15 


173 

171 

FMl 

273 

119 

Fgia 

373 

67 

Ual 


- 

■Ml 


- 


K£i^^£l 

- 

hM 

6VSS(374) 

- 

mm 

75 

- 


175 

- 

B?a 

275 

- 

FMil 

375 

- 


77 

14 

■Rcl 

177 

170 

Baa 

277 

118 

Bell 

377 

66 

sa 

78 

13 

■Ml 

178 

i6§ 

Baa 

278 

117 

Baa 

378 

65 

mm 

79 

- 

■nai 

179 

- 


279 

- 

Bad 

379 

- 

mm 

80 

- 


180 

- 


280 

- 

FWI 

380 

- 

Ba 

81 

12 


181 

168 

Bill 

281 

116 

Bad 

381 

64 

El 

82 

11 


182 

167 

Baa 

282 

115 

FWd 

382 

63 

El 

84 

- 

■n^ 

184 

- 

Baa 

284 

- 

FLirJ 

384 

- 

mm 

OVDD5(85) 

- 


OVDD5(185) 

- 

B^ 

OVDD5(285) 

- 

Bad 

OVDD5(385) 

- 

mm 

86 

10 

W 

186 

166 

Baa 

286 

114 

mi 

386 

62 

mm 

87 

9 


187 

165 


287 

113 

FWil 

387 

61 

El 

88 

- 

■wni 

188 

- 

B^ 

288 

- 

B.^1 

388 

- 

ESI 


- 

li^l 

OVSS(189) 

- 


OVSS(289) 

- 

Frad 

6vSS(389) 

- 

EH 

90 

8 

■Wel 

190 

164 

FFaa 

290 

112 

Fraa 

390 

60 

Ea 

91 

7 


191 

163 

F^ 

291 

111 

FMl 

391 

59 

Ea 

92 

- 

WSM 

192 

- 

mM 

292 

- 

■cma 

392 

- 

Ea 

93 

6 

tm 

193 

162 

Fwa 

293 

110 


393 

58 

Ea 

94 

5 


194 

161 

F^l 

294 

109 

■cTg» 

394 

57 

Ea 

95 

- 

BeQI 

195 

- 

FCT 

295 

- 

iciaa 

395 

- 

eh 

96 

- 


196 

- 


296 

- 

■c^ 

396 

- 

Ea 

97 

4 

■T^ 

197 

160 

F^ 

297 

108 

■ewa 

397 

56 

Ea 

98 

3 

■RRl 

198 

159 

FM 

298 

107 

iSI 

398 

55 


99 

2 


199 

158 


299 

106 

Fwa 

399 

54 

eh 

100 

1 

■T^ 

200 

157 

Brgl 

300 

105 

Fwa 

400 

53 

Ea 

OVDD3 

- 

■F^ 

0VDD3 

- 

Baa 

0VDD3 

- 


6VDD3 

- 


OVDD5 

- 

mM 

0VDD5 

- 

F?mi 

OVDD5 

- 

iewa 

6VDD5 

- 

Ea 

oVss 

- 

mi 

OVSS 

- 

FFaa 

57§§ 

- 

iewa 

ov§s 

- 


TOtesl----^^^^^^^- 

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise. 

2. VSS, VDD, OVSS, OVDD3 and OVDD5 Indicate fixed power and ground pads on the die for probe test and are array dependent. 
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Table 4-38 H4CP178 313 OMPAC Pad to Pin Cross Reference 
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LEFT SIDE 


Table 4-38 H4CP178 313 OMPAC Pad to Pin Cross Reference 


BOTTOM SfDE 





_i2IHSB^E2iai 


NOTES: 

1. Die Pad/IO-Cell numbers start at top of LEFT side and increment counter-clockwise. 

2. Pkg Pin and Bond Finger numbers start at top of LEFT side and increment counter-clockwise. 

3. VSS, VDD, OVSS, OVDD3, & OVDD5 indicates fixed power and ground pads on the die (Array) for probe test. 

4. OVSS & OVDD5 in () are power and ground for Final Test and are Package dependent. 

5. The following is a cross reference of package dependent Power and Ground Pkg Pin numbers: 

PWR, a = J13, K10, K16, L11, L13, L15, M12, M14, N9, N11, N13, N15, N17, P12, P14, R11, R13, R15, S16, T13 
GND, b = G7, G19, H8, H18, J9, J17, S10, T9, T17, U8, U18, V7, V19 

6. Only OVDD5 is connected to package PWR pins. VDD must be supplied seperately through I/O package pins. 
REV. 1.0 5/11/94 JEB 
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Table 4-39 H4CP178P1 
Analog PLL Option 1 




Die 


Pad 

Cell 

95 

vss 

96 

VDD 

97 

AVSS 

98 

AVDD 

99 

101 

100 

102 

101 

103 

102 

104 

103 

105 

104 

106 

105 

107 

106 

109 

107 

110 

108 

111 

109 

113 

110 

OVSS(114) 

111 

115 

112 

116 

113 

117 

114 

OVDD5(118) 

115 

119 

116 

120 

117 

121 

118 

122 

119 

123 

120 

124 

121 

125 

122 

127 

123 

OVSS(128) 

124 

129 

125 

130 

126 

131 

127 

133 

128 

VSS(134) 

129 

135 

130 

136 

131 

137 

132 

139 

133 

OVDD5(140) 

134 

141 

135 

142 

136 

OVSS(143) 

137 

145 

138 

146 

139 

147 

140 

148 

141 

150 

142 

VDD(151) 

143 

152 

144 

153 

145 

155 



Table 4-39 H4CP178P1 
Analog PLL Option 1 


iiiiiiiiiiiiMiiiajiii 


Die 

I/O 

Pad 

Celt 

146 

156 

147 

157 

148 

OVSS(158) 

149 

159 

150 

161 

151 

OVDD5(162) 

152 

163 

153 

164 

154 

165 

155 

167 

156 

VSS(168) 

157 

169 

158 

170 

159 

172 

160 

173 

161 

OVSS(174) 

162 

175 

163 

177 

164 

178 

165 

179 

166 

180 

167 

181 

168 

182 

169 

184 

170 

OVDD5(185) 

171 

186 

172 

187 

173 

188 

174 

OVSS(189) 

175 

190 

176 

191 

177 

192 

178 

193 

179 

194 

180 

195 

181 

196 

182 

197 

CO 

00 

198 

184 

199 

185 

200 

186 

OVDD3 

187 

OVDD5 

188 

OVSS 


Note: This table replaces the BOTTOM side of each 
pad to pin table for each array/package combination 
when Analog PLL option 1 is used in the H4CP178 
array. 


MOTOROLA 

4-64 


H4CPIUS Series Design Reference Guide 





PACKAGING 


Table 4-40 H4CP178P2 
Analog PLL Option 2 


BOTTOM SlOa TOPSIDE 



Table 4-40 H4CP178P2 
Analog PLL Option 2 


345 


346 

347 

348 


350 


VDD(351) 


352 


353 

355 



158 

170 

159 

172 

160 

173 

161 

OVSS(174) 


373 

OVSS(374) 

375 


377 




Note: This table replaces the BOTTOM and the TOP 
side of each pad to pin table for each array/package 
combination when Analog PLL option 2 is used in the 
H4CP178 array. 
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4.7 MECHANICAL DATA 

Note; Where formal case outlines are not available, prelimi¬ 
nary drawings are shown. 

4.8 Geometric Characteristics and Symbois 

The following Is a list of common characters, text, and symbols 
used in Motorola Case Outlines: 


nj Flatness 

- Straightness 

Q Circularity (Roundness) 

/CX Cylindricity 
X Perpendicularity (Squareness) 
Angularity 



0 


Circular Runout 
Position 


@ Concentricity 



Maximum Material Condition MMC 


© 

© 

© 


Regardless of Feature Size RFS 

Least Material Condition LMC 

Projected Tolerance Zone 

Diametrical (Cylindrical) Tol. Zone or Feature 


I .605 I Basic, or Exact, Dimension 
I -A- I Datum Feature Symbol 

Feature Control Frame 




Datum Target 


Symmetry 


BSC BASIC -Untoleranced dimensions locating true 
position 

Ref. A dimension which is obtained from other dimensions 
and their tolerances. 
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— 128-PIN PACKAGES- 

PLASTIC QUAD FLAT PACK 
CASE 862A-01 

(Excised from the AB MCR, see page 4-37) 



EcU 

SEATING PLANE 


NOTES; 

1. DIMENSIONING AND TOLERANCING PER ANSI Y14.5M, 1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 

3. DATUM PLANE -H- IS LOCATED AT BOTTOM OF LEAD AND IS COINCIDENT WITH 
THE LEAD WHERE THE LEAD EXITS THE PLASTIC BODY AT THE BOTTOM OF THE 
PARTING LINE. 

4. DATUMS A-B AND -D- TO BE DETERMINED AT DATUM PLANE -H-. 

5. DIMENSIONS S AND V TO BE DETERMINED AT SEATING PLANE -C-. 

6. DIMENSIONS A AND B DO NOT INCLUDE MOLD PROTRUSION. ALLOWABLE PRO¬ 
TRUSION IS 0.25(.010) PER SIDE. DIMENSIONS A AND B DO INCLUDE MOLD 
MISMATCH AND ARE DETERMINED AT DATUM PLANE -H-. 

7. DIMENSION D DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.08(.003) TOTAL IN EXCESS OF THE D DIMENSION AT 
MAXIMUM MATERIAL CONDITION. DAMBAR CANNOT BE LOCATED ON THE LOWER 
RADIUS OR THE FOOT. 


DIM 

MILLIMETERS 
MIN MAX 

INCHES 

MIN MAX 

A 

27.90 

28.10 

1.098 

1.106 

B 

27.90 

28.10 

1.098 

1.106 

C 

3.45 

3.85 

0.136 

0.152 

D 

0.30 

0.45 

0.012 

0.018 

E 

3.17 

3.67 

0.125 

0.144 

F 

0.30 

0.40 

0.012 

0.016 

G 

0.80 BSC 

0.032 

BSC 

H 

0.25 

0.35 

0.010 

0.014 

J 

0.13 

0.23 

0.005 

0.009 

K 

0.75 

0.92 

0.030 

0.036 

L 

24.80 REF 

0.976 REF 

M 

5° 

16° 

5° 

16° 

N 

0.13 

0.17 

0.005 

0.007 

P 

0.40 BSC 

0.016 

BSC 

Q 

o" 

f 

0° 

7° 

R 

0.13 

0.30 

0.005 

0.012 

S 

31.10 

31.37 

1.224 

1.235 

T 

0.13 

... 

0.005 

... 

U 

0“ 

... 

0° 

... 

V 

31.10 

31.37 

1.224 

1.235 

w 

0.40 

... 

0.016 

... 

X 

1.60 REF 

0.063 REF 

Y 

1.60 REF 

0.063 REF 

Z 

1.60 REF 

0.063 REF 
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PACKAGING 


- 160-PIN PACKAGES - 

PLASTIC QUAD FLAT PACK 
CASE 864A-01 

(Excised from the AB MCR, see page 4-37) 





1 


o 

— DETAIL "A" 


i!ll!l!i!l!lllii!i!l!l!l!l!l!l!l!lll!m 





> 0.20(0.008)01 HI A-B®iDg 
' o o5(o!oo2)| 


i 0.20(0.008) ^|C|A-Bg 


r-H-l DATUM 
PLANE 

|i=^|0.01 (0.004^ 



SEATING 

PLANE 


NOTES; 

1. DIMENSIONING AND TOLERANCING PER ANSI Y14.5M, 1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 

3. DATUM PLANE -H- IS LOCATED AT BOTTOM OF LEAD AND IS COINSIDENT 
WITH THE LEAD WHERE THE LEAD EXITS THE PLASTIC BODY AT THE 
BOTTOM OF THE PARTING LINE. 

4. DATUMS A-B AND -D- TO BE DETERMINED AT DATUM PLANE -H-* 

5. DIMENSIONS S AND V TO BE DETERMINED AT SEATING PLANE -C-. 

6. DIMENSIONS S AND V TO BE DETERMINED AT SEATING PLANE -O-. 
PROTRUSION IS 0.25 (0.010) PER SIDE. DIMENSIONS A AND B DO 
INCLUDE MOLD MISMATCH AND ARE DETERMINED AT DATUM PLANE -H-. 

7. DIMENSION D DOES NOT INCLUDE DAMBARPROTRUSION. ALLOWABLE 
DAMBAR PROTRUSION SHALL BE 0.08 (0.003) TOTAL IN EXCESS OF THE D 
DIMENSION AT MAXIMUM MATERIAL CONDITION. DAMBAR CANNOT BE 
LOCATED ON THE LOWER RADIUS OR THE FOOT. 


DIM 

MILLIMETERS 

MIN MAX 

INCHES 

MIN MAX 

A 

27.90 

28.10 

1.098 

1.106 

B 

27.90 

28.10 

1.098 

1.106 

C 

3.35 

3.85 

0.132 

0.152 

D 

0.22 

0.33 

0.009 

0.013 

E 

3.20 

3.50 

0.126 

0.138 

F 

0.22 

0.38 

0.009 

0.015 

G 

0.650 BSC 

0.0256 BSC 

H 

0.25 

0.35 

0.010 

0.012 

J 

0.11 

0.23 

0.004 

0.009 

K 

0.70 

0.90 

0.028 

0.035 

L 

25.35 REF 

0.998 REF 

M 

5“ 

16® 

5® 

16® 

N 

0.11 

0.19 

0.004 

0.007 

P 

0.325 BSC 

0.0130 BSC 

Q 

0" 

7® 

0“ 

7” 

R 

0.13 

0.30 

0.005 

0.012 

S 

31.00 

31.40 

1.220 

1.236 

T 

U 

0.13 

0® 

... 

0 . 00 § 

... 

V 

31.00 

31.40 

1.220 

1.236 

w 

0.40 

... 

0.016 

... 

X 

1.60 REF 

0.063 REF 

Y 

1.33 REF 

0.052 REF 

Z 

1.33 REF 

0.052 REF 
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PACKAGING 



SECTION B-B 
ROTATED / CCW 



Rh datum 

PLANE 

|o|o.oi(o.oo^ 



SEATING 

PLANE 


1. DIMENSIONING AND TOLERANCING PER ANSI Y14.5M, 1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 

3. DATUM PLANE -H* IS LOCATED AT BOTTOM OF LEAD AND IS COINSIDENT 
WITH THE LEAD WHERE THE LEAD EXITS THE RUSTIC BODY AT THE 
BOTTOM OF THE PARTING LINE. 

4. DATUMS A-B AND -D- TO BE DETERMINED AT DATUM PUNE -H-. 

5. DIMENSIONS S AND V TO BE DETERMINED AT SEATING PUNE -C-. 

6. DIMENSIONS S AND V TO BE DETERMINED AT SEATING PUNE -C-. 
PROTRUSION IS 0.25 (0.010) PER SIDE. DIMENSIONS A AND B DO 
INCLUDE MOLD MISMATCH AND ARE DETERMINED AT DATUM PUNE -H-. 

7. DIMENSION D DOES NOT INCLUDE DAMBARPROTRUSION. ALLOWABLE 
DAMBAR PROTRUSION SHALL BE 0.08 (0.003) TOTAL IN EXCESS OF THE D 
DIMENSION AT MAXIMUM MATERIAL CONDITION. DAMBAR CANNOT BE 
LOCATED ON THE LOWER RADIUS OR THE FOOT. 


DIM 

MILLIMETERS 

MIN max 

MIN 

INCHES 

MAX 

A 

27.90 

28.10 

1.098 

1.106 

B 

27.90 

28.10 

1.098 

1.106 

C 

3.45 

3.85 

0.136 

0.152 

D 

0.22 

0.38 

0.009 

0.015 

E 

3.20 

3.50 

0.126 

0.138 

F 

0.22 

0.33 

0.009 

0.013 

G 

0.650 BSC 

0 

0256 BSC 

H 

0.25 

0.35 

0.010 

0.012 

J 

0.13 

0.23 

0.005 

0.009 

K 

0.75 

0.95 

0.030 

0.037 

L 

25.35 REF 

0 

998 REF 

M 

5* 

16* 

5* 

16* 

N 

0.13 

0.197 

0.005 

0.007 

P 

0.325 BSC 

0.0130 BSC 

Q 

0* 

7" 

0* 

7” 

R 

0.13 

0.30 

0.005 

0.012 

S 

31.10 

31.37 

1.224 

1.235 

T 

U 

0.13 

0® 

::: 

0.005 


V 

31.10 

31.37 

1.224 

1.235 

w 

0.40 

... 

0.016 

... 

X 

1.60 

REF 

0 

063 REF 

Y 

1.33 

REF 

0 

052 REF 

z 

1.33 

REF 

0 

052 REF 

AA 

16.30 

18.30 

0.642 

0.720 
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PACKAGING 



NOTES: 

1. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5M, 1982 

2. CONTROLLING DIMENSION: MILLIMETER 
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PACKAGING 



EEl DATUM PLANE 


SEATING 

PLANE 


-G ^ DETAIL'*B“ 




DETAIL "C" 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI Y14.5M, 1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 

3. DATUM PLANE -H- IS LOCATED AT BOTTOM OF LEAD AND IS COINSIDENT 
WITH THE LEAD WHERE THE LEAD EXITS THE PLASTIC BODY AT THE 
BOTTOM OF THE PARTING LINE. 

4. DATUMS A-B AND -D- TO BE DETERMINED AT DATUM PUVNE -H-. 

5. DIMENSIONS S AND V TO BE DETERMINED AT SEATING PLANE -C-. 

6. DIMENSIONS A AND B DO NOT INCLUDE MOLD PROTRUSION. ALLOWABLE 
PROTRUSION IS 0.25 (0.010) PER SIDE. DIMENSIONS A AND B DO 
INCLUDE MOLD MISMATCH AND ARE DETERMINED AT DATUM PLANE -H-. 

7. DIMENSION D DOES NOT INCLUDE DAMBAR PROTRUSION. DAMBAR 
PROTRUSION SHALL NOT CAUSE THE D DIMENSION TO EXCEED 
0.38 (0.015). 


DIM 

MILLIMETERS 

MIN MAX 

INCHES 

MIN MAX 

A 

27.90 

28.10 

1.098 

1.106 

B 

27.90 

28.10 

1.098 

1.106 

C 

3.45 

4.10 

0.136 

0.161 

D 

0.17 

0.27 

0.007 

0.011 

E 

3.20 

3.60 

0.126 

0.142 

F 

0.17 

0.23 

0.007 

0.009 

G 

0.500 BSC 

0.020 BSC 

H 

0.25 

— 

0.010 

— 

J 

0.09 

0.20 

0.003 

0.008 

K 

0.75 

0.95 

0.030 

0.037 

L 

25.5 REF 

1.004 REF 

M 

5® 

16® 

5® 

16® 

N 

0.09 

0.16 

0.003 

0.006 

P 

0.250 BSC 

0.010 BSC 

Q 

O'* 

7*’ 

0® 

r 

R 

0.13 

0.25 

0.005 

0.010 

S 

31.00 

31.40 

1.220 

1.236 

T 

0.13 

_ 

0.005 


u 

0® 

— 

0® 

— 

V 

31.00 

31.40 

1.220 

1.236 

w 

0.20 

... 

0.008 

... 

X 

1.60 REF 

0.063 REF 

Y 

1.25 REF 

0.049 REF 

z 

1.25 REF 

0.049 REF 
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PACKAGING 


208-PIN PACKAGES 


PLASTIC QUAD FLAT PACK MicroCool™ 
CASE 872G-01 
1.6 FOOT LENGTH 

(Excised from the AB MCR see page 4-37) 



NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI Y14.5M, 1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 

3. DATUM PLANE -H- IS LOCATED AT BOTTOM OF LEAD AND IS COINSIDENT 
WITH THE LEAD WHERE THE LEAD EXITS THE PLASTIC BODY AT THE 
BOTTOM OF THE PARTING LINE. 

4. DATUMS A-B AND -D- TO BE DETERMINED AT DATUM PUNE -H-. 

5. DIMENSIONS S AND V TO BE DETERMINED AT SEATING PUNE -C-. 

6. DIMENSIONS A AND B DO NOT INCLUDE MOLD PROTRUSION. ALLOWABLE 
PROTRUSION IS 0.25 (0.010) PER SIDE. DIMENSIONS A AND B DO 
INCLUDE MOLD MISMATCH AND ARE DETERMINED AT DATUM PUNE -H-. 

7. DIMENSION D DOES NOT INCLUDE DAMBAR PROTRUSION. DAMBAR 
PROTRUSION SHALL NOT CAUSE THE D DIMENSION TO EXCEED 
0.35 (0.014). 


DIM 

MILLIMETERS 

MIN MAX 

INCHES 

MIN MAX 

A 

27.90 

28.10 

1.098 

1.106 

B 

27.90 

28.10 

1.098 

1.106 

C 

3.45 

4.10 

0.136 

0.161 

D 

0.17 

0.27 

0.007 

0.011 

E 

3.20 

3.60 

0.126 

0.142 

F 

0.17 

0.23 

0.007 

0.009 

G 

0.500 BSC 

0.020 BSC 

H 

0.25 

.... 

0.010 

.... 

J 

0.09 

0.20 

0.003 

0.008 

K 

0.75 

0.95 

0.030 

0.037 

L 

25.5 REF 

1.004 REF 

M 

6" 

16® 

5® 


N 

0.09 

0.18 

0.003 

0.007 

P 

0.250 BSC 

0.010 BSC 

Q 

0® 

7® 

o“ 

7® 

R 

0.13 

0.25 

0.005 

0.010 

S 

31.00 

31.40 

1.220 

1.236 

T 

0.13 

_ 

0.005 


U 

0« 

... 

0® 

... 

V 

31.00 

31.40 

1.220 

1.236 

w 

0.20 

... 

0.008 

... 

X 

1.60 REF 

0.063 REF 

Y 

1.25 REF 

0.049 REF 

z 

1.25 REF 

0.049 REF 

AA 

16.80 

18.80 

0.661 

0.740 1 
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- MOLDED CARRIER RING - 

SIZE AB: FOUR UNITS PER STRIP 

CASE OUTLINES 884(120 pin), 885(128 pin), 887(160 pin),888-01(208 pin) 


PACKAGING 



“VIEW A AH- 


^PIN ONE 
IDENTIFIER 


AJ/2 

I AJ UNIT VIEW 

1 1 VIEWD 


OPTIONAL 
HOLES “ 


lO 128 

-•-L2PL- - - J 256 PL 

TOP VIEW I0-25(0.010) | aIb® |C0 


Ml 

NOTE 8.0 


--Q2 NOTE 

6.0 

1 

-129 

T 


J 

256 PL 

-L 



UNIT SIDE VIEW 
h-H—D1 REF 



SECTION E-E 

G/2-Mh- 


AA|_ 
D256 PL- 



BOTTOM VIEW OF UNIT IN MOLDED 
CARRIER RING 


0.05(0.020)®! AlB®l 

N. C~<Sr—R2 




NOTE 7.0 


VIEW A 


-S 



SECTION C-C 
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MOLDED CARRIER RING 


SIZE AB: (Continued) 


NOTES: 

1. ALL DIMENSIONS AND TOLERANCES CONFORM TO ANSI Y14.5M-1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 

3. A, DIMENSION DOES NOT INCLUDE MOLD PROTRUSION. ALLOWABLE MOLD 
PROTRUSION IS 0.20(0.008) PER SIDE. 

4. A AND S DIMENSIONS INCLUDE MOLD MISMATCH, AND ARE MEASURED 
AT THE PARTING LINE. 

5. UNLESS OTHERWISE SPECIFIED DIMENSIONS ARE SYMMETRICAL 
ABOUT CENTERLINES. 

6. B AND C DATUM HOLES ARE TO BE USED FOR TRIM, FORM AND 
EXCISE OF THE MOLDED PACKAGE ONLY. HOLES 01 AND Q2 ARE TO BE 
USED FOR ELECTRICAL TESTING ONLY. 

7. NON-DATUM HOLES ONLY. 

8. APPLIES TO RING AND PACKAGE FEATURES. 


□M 

MN M\X 

IN3-ES 

MM mx. 

□M 

MLLJVETBRS 

MN 

m-B 

MN MOX 

A 

45.87 

46.13 

1.806 

1.816 

M 

1.30 

2.30 

0.051 

0.091 

A1 

45.70 BSC 

1.799 BSC 

Ml 

8°MAX 

8° MAX 

A2 

45.17 

45.43 

1.778 

1.789 

N 

0.13 

0.17 

0.005 

0.007 

B 

16.10 BSC 

0.634 BSC 

P 

1.77 

2.03 

0.070 

0.080 

C 

4.70 

4.90 

0.185 

0.193 

R 

0.40 

0.60 

0.016 

0.024 

D 

0.40 

0.50 

0.016 

0.020 

R1 

3.50 

4.50 

0.138 

0.177 

D1 

0.22 

0.38 

0.009 

0.015 

R2 

2.00 

3.00 

0.079 

0.118 

E 

1.90 

2.10 

0.075 

0.083 

S 

37.87 

38.13 

1.491 

1.501 

F 

0.22 

0.33 

0.009 

0.013 

T 

16.10 BSC 

0.634 BSC 

G 

0.65 BSC 

0.026 BSC 

V 

26.30 

26.40 

1.035 

1.039 


0.65 BSC 

0.026 BSC 

W 

1.45 

1.55 

0.057 

0.061 

H 

1.70 

1.90 

0.067 

0.075 

AA 

0.45 

0.85 

0.018 

0.033 

J 

0.13 

0.23 

0.005 

0.009 

AB 

0.30 

0.60 

0.012 

0.024 

L 

32.20 BSC 

1.268 BSC 

AC 

1.37 

1.63 

0.054 

0.064 

LI 

35.20 BSC 

1.386 BSC 

AD 

1.37 

1.63 

0.054 

0.064 






AH 

27.90 

28.10 

1.098 

1.106 


AJ 

3.20 

3.40 

0.126 

0.134 


H4CPIUS Series Design Reference Guide 





H4CPIUS Series Design Reference Guide 


MOTOROLA 











































































PACKAGING 


240-PIN PACKAGES 

PLASTIC QUAD FLAT PACK 
CASE 961-01 

Free Leaded (not build in MCR) 



UlIBBlIBBIIBimBIBiBBBIillll 


IBBIBIliflBBIIBiBIBBBBBIBiBBIIBlr 


121 




60 




120 


n6i 


DETAIL "Y" 



NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI Y14.5M. 1982. 

2. CONTROLUNG DIMENSION: MILLIMETER. 

3. DIMENSIONS S AND V TO BE DETERMINED AT SEATING PLANE -T-. 

4. DIMENSIONS A AND B DO NOT INCLUDE MOLD PROTRUSION. 

ALLOWABLE PROTRUSION IS 0.25 (0.010) PER SIDE. DIMENSIONS A AND B 
DO INCLUDE MOLD MISMATCH AND ARE DETERMINED WHERE THE BOTTOM 
OF THE LEADS EXIT THE PLASTIC BODY. 

5. DIMENSION D DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR 
SHALL NOT CAUSE THE D DIMENSION TO EXCEED 0.38 (0.015). 

6. MINIMUM SOLDER PLATE THICKNESS SHALL BE 0.0076 (0.00030). 


F 



DIM 

MILUMETERS 

MIN MAX 

MCHES 

MIN MAX 

A 

31.90 

32.10 

1.256 

1.264 

B 

31.90 

32.10 

1.256 

1.264 

C 

3.42 

4.20 

0.135 

0.165 

D 

0.10 

0.30 

0.004 

0.012 

E 

3.17 

3.50 

0.125 

0.138 

F 

0.18 

0.24 

0.007 

0.009 

G 

0.500 BSC 

0.020 BSC 

H 

0.25 

0.45 

0.010 

0.018 

J 

0.09 

0.20 

0.003 

0.008 

K 

0.35 

0.65 

0.014 

0.026 

L 

25.5 REF 

1.004 REF 

M 


16" 

5“ 

16 

N 

0.11 

0.14 

0.004 

0.006 

P 

0.250 BSC 

0.010 BSC 

Q 

6 

10 

(3 

io“ 

R 

0.13 

0.30 

0.005 

0.012 

S 

34.35 

34.85 

1.352 

1.372 

T 

0.13 

— 

0.05 

... 

U 

0* 

— 

0* 

... 

V 

34.35 

34.85 

1.352 

1.372 

w 

0.40 

... 

0.016 

... 

X 

1.30 REF 

0.051 REF 

Y 

1.25 REF 

0.049 REF 
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PACKAGING 


;!5 


313-PIN PACKAGES 


OMPAC 

(Preliminary Drawing) 



25 23 21 19 17 15 13 11 9 7 5 3 1 

24 22 20 18 16 14 12 10 8 6 42 





MILLIMETERS 

INCHES 



MIN 


mm 

34.90 

35.10 


1.3819 

B 

34.90 


||ng2Q[| 

1.3819 

C 

1.53 



0.076 

D 

2.03 

2.63 


0.1035 

E 

29.80 

IlgglU 


1.1890 

F 

29.80 



1.1890 

G 

2.54 BSC 

_ 



0.690 




n 

1.8 BSC 
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MACRO NAMING CONVENTIONS 


SECTION 5. MACRO NAMING CONVENTIONS 


The naming convention for the Motorola H4CPIus 
Macrocell Array Series is the same as that used for Mo¬ 
torola's H4C and 62A Series Macrocell Arrays. 

Basic Gates: 

Begin with a descriptive prefix usually followed by the 
number of inputs of the gates. A list of the prefixes is 
shown below: 

NAN - NAND gate 
NOR - NOR gate 
AND - AND gate 
OR - OR gate 

EXOR - Exclusive OR gate 
EXNOR - Exclusive NOR gate 
AOI - AND/OR/Invert gate 
OAI - OR/AND/lnvert gate 
ANDOl - AND + NOR into a NOR 
ONDAI - OR + NAND into a NAND 
MAJ - Majority 
TBUF - “3-state” buffer 
INVT - Inverting 3-state buffer 
DS - Schmitt trigger 

Suffix Options: 

# - Refers to the number of inputs 

H - High drive (usually 2X drive Output) 

B - Balanced drive 
C - Complementary outputs 

Buffers/Inverters: 

Use the same convention as for Basic Gates with the 
exception that the {#) number refers to the number of 
devices in parallel on the output or X# Drive. A list of 
the prefixes is shown below: 

INV - Inverter 

BUF - Non-inverting buffer 

Suffix Options: 

# - X# drive 

B - Balanced drive 
C - Complementary outputs 
X - Uses an Output buffer from an I/O site 
P - Uses an Output buffer from a Power/GND 
site 


Flip-Flops: 

Begin with the type followed by a number of different 
options which explain the functionality of the flip flop. 

DFF - D type flip-flop 
D - Used as an abbreviation of DFF if the 
macro name becomes too long. 

JKFF-JKtype flip-flop 
JK - Used as an abbreviation of JKFF if the 
macro name becomes too long. 

TFF - Toggle type flip-flop 

Suffix Options: 

R - Reset 
S-Set 

L - LSSD or scan type Input 
P - Positive-edge clocked 
T - 3-state Output 

H - High drive (usually 2X drive Output) 

A or B - These are used when different versions 
of the same function (such as the DFFRTPA or the JK- 
FFRSPB) already exist in other technologies but have 
different states when both Set and Reset are taken low 
at the same time. 

Latches: 

Names have many of the same suffixes as flip-flops 
with the following differences: 

LAT - Latch 

CCND - Cross-coupled NAND latch 
LI LSSD - LI type LSSD latch 
SRLSSD1 - SR type LSSD1 latch 

Suffix Options: 

N - Negative gate latched 
P - Positive gate latched 
R - Reset 
S-Set 

G - Common gated input 
H - High drive (usually 2X drive Output) 
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MACRO NAMING CONVENTIONS 


Inputs: 

Begin with an I which is followed by a C (CMOS), T 
(TTL), S (CMOS level Schmitt Trigger), or TS (TTL level 
Schmitt Trigger) which indicates switching voltage lev¬ 
els. An I or N Is placed in the name which indicates 
whether the input Is Inverting (l)or Non-Inverting (N). 

Prefix Options: 

B - Bidirectional version (same as above 
without pad) 

Suffix Options: 

H - Ciock buffer (High drive) 

Example: 

ICN - Input/CMOS/Non-Inverting 

BICN - Bidirectional version of ICN 
(without the pad) 

ICNH - ICN with High drive (uses output 
buffer transistors) 

Outputs: 

The base begins with an O which is followed by an I 
(Inverting) or a N (Non-Inverting). The third alphanu¬ 
meric indicates the approximate source & sink current 
drive in mA. 

NOTE: 

The number following ON is approximately the number of 
mA that buffer can source and sink and still maintain the prop¬ 
er threshold voltages across commercial worst case temper¬ 
ature, voltage and process. The actual current in mA is 
generally significantly higher. For an exact breakdown of typ¬ 
ical currents at different temperatures and voltages please re¬ 
fer to the DC Electrical Specifications in Section 8. 

Prefix Options: 

B - Bidirectional version (same as above 
without pad) 

Suffix Options: 

T - 3-state output 

OD - Open-Drain output 

Example: 

ON4 - Output/Non-inverting/4 mA drive 

ON4T - Output/Non-inverting/4 mA drive/ 
3-state Output 

BON4T - Bidirectional version of ON4T 
(with BIC port) 

0N40D - Output/Non-inverting/4 mA drive 
/Open-Drain Output 


SPECIAL Input and Outputs: 

CMTL, GTL, PCI and PECL I/O’s have the same 
naming convention’s as standard inputs and outputs. 
An M (CMTL), G (GTL), PC (PCI), or a P (PECL) is add¬ 
ed to the name to identify its special function. 

JTAG macros end with a J and follow all of the stan¬ 
dard naming conventions. 

Analog Phase Look Loop: 

All APLL macros begin with AP. 

Suffix Options: 

1 - CMOS PLL Type 1 

2 - CMOS PLL Type 2 

D1 - PECL PLL Differential Type 1 
D2 - PECL PLL Differential Type 2 

System/Core I/O Voltage definition and 
naming convention: 

5/5 V = 5 Volt System and 5 Volt Core 
(standard naming convention) 
e.g.: ICN, ON2 

5/3.3 V = 5 Volt System and 3.3 Volt Core 
(standard name with an X) 
e.g.: ICXN, ONX2 

3.3/5 V = 3.3 Volt System and 5 Volt Core 
(standard name with LX) 
e.g.: ILTXN, ONLX2T 

3.3/3.3 V = 3.3 Volt System and 3.3 Volt Core 
(standard name with an L) 
e.g.: ILCN, ONL2 


Resistors: 

Begin with a PD (Pull-Down) or PU (Pull-Up) 

Suffix Options: 

H - Higher current pull 
L - Lower current pull 
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SECTION 6. MACRO DESCRIPTIONS AND QUICK REFERENCE GUIDE 


The following tables detail the elements which make up 
the H4CPIUS Series library. The elements are orga¬ 
nized into the following categories: Internal Macrocells, 
Memory Blocks (RAM Macrocells), Peripheral Macros 
(Input/Output Macrocells) and JTAG Macros. 

S = Sections Used (#of Input/Output drivers used for 
function). 


Gates = equivalent gate count (Internal Macrocells) 
System/Core I/O Voltage definition: 

5/5 V = 5 Volt System and 5 Volt Core 
5/3.3 V = 5 Volt System and 3.3 Volt Core 
3.3/5 V = 3.3 Volt System and 5 Volt Core 
3.3/3.3 V = 3.3 Volt System and 3.3 Volt Core 

INTERNAL MACROS 


INTERNAL MACROS 


Gates Page# 


AND GATES 


m 

AND2 

2-Input AND Gate 

2 

7-195 

wm 

AND2H 

2-Input AND Gate, 2X Drive 

2 

7-195 


AND3 

3-Input AND Gate 

2 

7-196 

■a 

AND3H 

3-Input AND Gate, 2X Drive 

3 

7-196 

wm 

AND4 

4-Input AND Gate 

3 

7-197 

B 

AND4H 

4-Input AND Gate, 2X Drive 

3 

7-197 

B 

AND8H 

8-Input AND Gate, 2X Drive 

6 

7-198 


NAND GATES 


B 

NAN2 

2-Input NAND Gate 

1 

7-305 

B 

NAN2H 

2-Input NAND Gate, 2X Drive 

2 

KB 

B 


2-Input NAND Gate, Balanced 

2 

7-305 

4 

NAN3 

3-Input NAND Gate 

2 

7-307 

B 

NAN3H 

3-Input NAND Gate, 2X Drive 

3 

7-307 

B 


4-Input NAND Gate 

2 

7-308 

7 


4-Input NAND Gate, 2X Drive 

4 

7-308 

8 

NANS 

5-Input NAND Gate 

4 

Kcim 

9 

NAN5H 

5-Input NAND Gate, 2X Drive 

5 

KsUS 

10 

NAN6CH 

6-Input NAND Gate, 2X Drive, 1X Complementary Output 

6 


11 

NAN8H 

8-Input NAND Gate, 2X Drive 

7 

7-313 


OR GATES 


1 

OR2 

2-Input OR Gate 

2 

7-330 

B 

OR2H 

2-Input OR Gate, 2X Drive 

2 

7-330 

B 

OR3 

3-Input OR Gate 

2 

7-331 

4 

OR3H 

3-Input OR Gate, 2X Drive 

3 

7-331 

5 

OR4 

4-Input OR Gate 

3 

7-332 

B 

OR4H 

4-Input OR Gate, 2X Drive 

3 

7-332 

7 


8-Input OR Gate, 2X Drive 

8 

7-333 


NOR GATES 


1 

NOR2 

2-Input NOR Gate 

1 


B 

NOR2H 

2-Input NOR Gate, 2X Drive 

2 


B 


2-Input NOR Gate, Balanced 

2 


4 

NOR3 

3-Input NOR Gate 

2 


B 

NOR3H 

3-Input NOR Gate, 2X Drive 

4 


B 


4-Input NOR Gate 

4 


7 

NOR4H 

4-Input NOR Gate, 2X Drive 

4 


8 

NOR5 

5-Input NOR Gate 

4 

7-319 

B 

NOR5H 

5-Input NOR Gate, 2X Drive 

5 

7-319 

B 

NOR6CH 

6-Input NOR Gate, 2X Drive, 1X Complementary Output 

6 

7-321 

B 

NOR8H 

8-Input NOR Gate, 2X Drive 

7 

7-323 
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INTERNAL MACROS 



AND/NOR, AND/OR, OR/NAND, & OR/AND GATES 


Llj 

ANDOI22 

2-Input AND + 2-Input NOR, into 2-Input NOR 

3 



ANDOI22H 

2-Input AND+2-lnput NOR,^2-Input NOR 2X Drive 

4 

1 7-199 1 

B 

A021H 

2-lnput AND, 1-Wide,-»2-lnput OR. 2X 

3 


4 

A022H 

2-lnput AND, 2-Wlde, Into 2-lnput OR, 2X 

3 


B 

A0321H 

3,2,1-input AND-OR Gate, 2X Drive 

5 


B 

A04321H 

4,3,2,1-input AND-OR Gate, 2X Drive 

8 


B 

AOI21 

2-lnput AND, 1-Wide, into 2-input NOR 

2 


8 

AOI21H 

2-lnput AND, 1-Wlde, into 2-input NOR, 2X 

3 


B 

AOI211 

2-lnput AND, 1-Wide, into 3-input NOR 

2 


Kill 

AOI211H 

2-lnput AND, 1-Wlde, into 3-input NOR, 2X 

4 


■a 

AOI22 

2-lnput AND, 2-Wide, into 2-input NOR 

2 


wa 

AOI22H 

2-lnput AND, 2-Wide, into 2-input NOR,2X 

4 


Usl 


2-lnput OR, 1-Wide, into 2-input AND, 2X 

3 

1 7-325 1 

Ul 

OA22H 

2-lnput OR, 2-Wlde, into 2-input AND, 2X 

3 


B 

OAI21 

2-lnput OR, 1-Wide, into 2-input NAND 

2 

7-327 

B 


2-lnput OR, 1-Wide, Into 2-input NAND,2X 

3 

7-327 

B 

OAI211 

2-lnput OR, 1-Wide, into 3-input NAND 

2 

7-328 

□81 

OAI211H 

2-lnput OR, 1-Wide, into 3-Input NAND,2X 

4 

7-328 

B 

OAI22 

2-lnput OR, 2-Wide, into 2-input NAND 

2 

7-330 


OAI22H 

2-lnput OR, 2-Wide, into 2-lnput NAND, 2X 

4 

7-330 

B 

ONDAI22 

2-lnput OR + 2-lnput NAND, into 2-lnput NAND 

3 

7-332 


ONDAI22H 

2-lnput OR + 2-lnput NAND, into 2-lnput NAND, 2X Drive 

4 

7-332 


INVERTING BUFFERS 


1 

INV 

Inverter 

1 

7-266 

B 

INVB 

Inverter, Balanced(Symmetrical Rise & Fall) 

1 


B 

INV2 

2-inverters in parallel 

1 


B 

INV2B 

2-Inverters in parallel. Balanced (Symmetrical Rise & Fall) 

2 


B 

INV4 

4-Inverters in parallel 

2 

7-268 

B 

INV4B 

4-Inverters In parallel. Balanced (Symmetrical Rise & Fall) 

4 

7-268 

7 

INV8 

8-Inverters in parallel 

4 

7-269 

8 

INV8B 

8-Inverters in parallel. Balanced (Symmetrical Rise & Fall) 

8 

7-269 

B 

INVX 

Inverted Buffer (used to drive internal logic from an I/O Site) 

“ 



NON-INVERTING BUFFERS 


BUF2B 


BUF4 




IX drive Buffer 

1 

7-210 

2X drive Buffer 

2 

7-211 

2X drive Buffer, Balanced (Symmetrical Rise & Fall) 

3 

7-211 

4X drive Buffer 

3 

7-212 

4X drive Buffer, Balanced (Symmetrical Rise & Fall) 

5 


8X drive Buffer 

5 

7-213 1 

8X drive Buffer, Balanced (Symmetrical Rise & Fall) 

9 


Non-Inverting Buffer (used to drive internal logic from an I/O Site) 

~ 

7-214 


MOTOROLA 

6-2 


H4CPIUS Series Design Reference Guide 




































































































































INTERNAL MACROS 


H4CPIUS Quick Reference Guide 



INVT 


INVTH 


INVTPH 


INTERNAL MACROS 


3-STATE BUFFERS 


3-state Buffer, Active Low Enable 


3-state Buffer, Active Low Enable, 2X Drive _ 

3-state Buffer, Active High Enable 


3-state Buffer, Active High Enable, 2X Drive 


Inverting 3-state Buffer, Active Low Enable 


Inverting 3-state Buffer, Active Low Enable, 2X Drive 


Inverting 3-state Buffer, Active High Enable 


Inverting 3-state Buffer, Active High Enable, 2x Drive 


il!giii^tt-.ui»Mairaapra 



DFFPH 


DFFLPA 


DFFLPAH 


DFFRP 



DFFRLPH 

DFFRSLPB 


DFFRSPHB 


DFFSCH 


DFFSCAH 


DFFSP 


DFFSPH 


aai!i 


DFFSSP 


DFFSSLP 



DFFP, 2X Drive _ 

D Flip-Flop, Multiplexed (or Scan) W/Unbuffered Input/ Clock 
DFFLP, 2X Drive 


D Flip-Flop with Reset 


DFFRP, 2X Drive 


D Flip-Flop W/Reset, Multiplexed (or Scan) Input 

DFFRLP, 2X Drive _ 

D Flip-Flop w/Set and Reset 


D Flip-Flop w/Set and Reset, 2X Drive 


DFFSC, 2X Drive 


DFFSCA, 2X Drive 


D Flip-Flop with Set 


DFFSP, 2X Drive 


D Flip-Flop w/Set, Multiplexed (or Scan) Input 


DFFSLP, 2X Drive 


D Flip-Flop with Synchronous Reset 


D Flip-Flop, Multiplexed (or Scan) Input with Synchronous Reset 


D Flip-Flop with Synchronous Set _ 

D Flip-Flop, Multiplexed (or Scan) Input with Synchronous Set 

LATCHES 


7-251 


7-253 


7-255 



m 

LATN 

b-Type Latch, Neg Gate Latched 



LATNH 

LATN, 2X Drive 


B 

LATP 

D-Type Latch, Pos Gate Latched 



LAT4TH 

LSSD1AH 

SRLSSD1H 


LATP, 2X Drive 


D-Type Latch W/Reset, Neg Gate Latched 


LATRN, 2X Drive _ 

D-Type Latch W/Reset, Pos Gate Latched 


LATRP, 2X Drive 


LAT4TH, 2X Drive 
LSSD1A, 2X Drive 
SRLSSD1,2X Drive 


7-282 


7-282 


7-284 


7-286 


7-341 
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INTERNAL MACROS 
and Analog PLL 


INTERNAL MACROS 


Gates Page# 


MULTIPLEXERS 


1 

MUX2A 

2-1 Multiplexer, IX Drive 

3 


2 

MUX2H 

2-Input Multiplexer, 2X Drive 

3 



MUX2IH 

MUX2I, 2X Drive 

3 

7-293 


MUX4H 

4-Input Multiplexer, 2X Drive 

7 

7-294 

B 

MUX41A 

Four 2-1 MUX with Common Select 

12 

7-295 

B 

MUX41AH 

MUX41 A, 2X Drive 

14 

7-295 

7 

MUX8AH 

7-Input Multiplexer, 2X Drive 

18 


8 

MX41 

4-Input Multiplexer with individual Selects, 2X Drive 

5 


B 

MX41H 

MX41,2X Drive 

6 


B 

MX61 

6-Input MultIplexerW/ Individual Selects 

8 


B 

MX61H 

MX61,2X Drive 

9 

wemm 

■a 

MX81 

8-Input Multiplexer W/Individual Selects 

10 

kb 

■o 

MX81H 

MX81,2X Drive 

12 



DECODERS 


1 IDEC4H 


|DEC4, 2X Drive 


1 of 4 Decoder, Active High Outputs, 2X Drive 

14 

7-218 

1 of 8 Decoder with Enable, Active Low Outputs 

16 

7-219 



■■■■ 

m 

AD4FULA 

4-Bit Full Adder, 2X Drive 

mm 

7-185 


4-Bit Full Adder with Propagate & Generate, 2X Drive 

94 

7-187 


ADFUL, 2X Drive 

10 

7-192 

Bl 

ADFULHA 

Full Adder, 2X Drive 

10 

7-193 

l■^■l 1 1 1 H I.M 

ADHALF, 2X Drive 

6 

7-194 

Bl 

ECOMP4 

4-Bit Equality Comparator 

16 

7-258 


LACG4 

4-blt Look-Ahead-Carry Generator 

32 

7-273 


IMCOMP4 14-bit Magnitude Comparator _ 

MISCELLANEOUS 


m 

DCR4H 

4-Bit Decrementer, 2X Drive 

28 

7-215 1 

Bl 

DLY8 

7-Stage Inverter Delay5/5 Volt 

4 


Bl 

INC4H 

4-Bit Incrementer, 2X Drive 

28 


4 

ROT8A 

8-Bit Rotate, IX Drive 

54 


IBI 

SHIFT8 

8-Blt Shift Register 

45 

7-340 1 
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# 

Name 

Ram Size 

Gate 

Count 

Page 

Number 


Single-Port RAM^s (LOW Power) 


1 

RSB8X8 

8 word X 8bit 

198 

7-346 

2 

RSB8X18 

8 word X 18bit 

440 

7-346 

3 

RSB16X8 

16wordX8bit 

342 

7-346 

4 

RSB16X18 

16 word X 18bit 

760 

7-346 

5 

RSB16X36 

16 word X 36 bit 

1440 

7-346 

6 

RSB32X8 

32 word X 8bit 1 

630 

7-346 

7 

RSB32X18 

32 word X 18 bit 

1400 

7-346 

8 

RSB32X36 

32 word X 36 bit 

2660 

7-346 

9 

RSB64X18 

64 word X 18 bit 

2680 

7-346 

10 

RSB64X36 

64 word X 36 bit 

5092 

7-346 



|RDB8X36 

RDB8X72 

RDB16X9 

RDB16X18 


RDB16X36 




Dual-Port RAM^s (HIGH Speed) 

_ 8 word X 9 bit _ 

_ 8 word X 18 bit _ 

_ 8 word X 36 bit _ 

_ 8 word X 72 bit _ 

_ 16 word X 9 bit _ 

16 word X 18 bit _ 

_ 16 word X 36 bit _ 

_ 16 word X 72 bit _ 

32 word X 9 bit 


I 10 IRDB32X18 | _ 32 word X 18 bit 

32 word X 36 bit 
32 word X 72 bit 


RDB32X36 


RDB32X72 


356 

7-352 

608 

7-352 

1112 

7-352 

2156 

7-352 

725 

7-352 

1193 

7-352 

2129 

7-352 

4050 

7-352 

1400 

7-352 

1 2300 

7-352 

4100 

7-352 

7798 

7-352 


QUAD Port RAM’s 


1 

RQB16X18 

16 word X 18 bit 

2200 

7-358 

2 


16 word X 36 bit 

3766 

7-358 

3 

RQB32X18 

32 word X 18 bit 

4762 

7-358 

4 

RQB32X36 

32 word X 36 bit 

7738 

7-358 
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INPUT and OUTPUT MACROS 


PgRtPHERAt MACROS 


S Page# 


5/5 Volt INPUTS 


m 

ICI 

CMOS, Inverting Input 

1/0 

7-1 


BICI 

CMOS, Inverting Input (Input part of Bidirectional) 

1/0 

7-1 

El 

ION 

CMOS, Non-inverting Input 

1/0 

WEEM 


BICN 

CMOS, Non-inverting Bidirectional Input 

1/0 

mm 

tm 

ICNH 

CMOS, Non-Inverting Clock Driver Input 

1/1 

warn 

B 

ISN 

CMOS Schmitt, Non-inverting Input 

1/0 

warn 


BISN 

CMOS Schmitt, Non-inverting Bidirectional Input 

1/0 

mm 

B 

ISNH 

CMOS, Schmitt, Non-Inverting Clock Driver Input 

1/1 

msm 

B 

ITN 

TTL, Non-inverting Input 

1/0 

\ 7-4 1 


BITN 

TTL, Non-inverting Bidirectional Input 

1/0 

warn 

■D 

ITNH 

TTL, Non-inverting Clock Driver Input 

1/1 

\ 7-4 1 

B 

ITSN 

TTL Schmitt, Non-inverting Input 

1/0 

mm 

B 

BITSN 

TTL, Schmitt, Non-inverting Bidirectional Input 

1/0 

mem 

14 

ITSNH 

TTL, Schmitt, Non-Inverting Clock Driver Input 

1/1 

mm 


5/3.3 Volt INPUTS 


B 

ICXN 

CMOS, Non-inverting Input 

1/0 


U6J 

BICXN 

CMOS, Non-inverting Bidirectional Input 

1/0 

warn 

B 

ICXNH 

CMOS, Non-inverting Clock Driver Input 

1/1 

moil 


ISXN 

CMOS Schmitt, Non-inverting Input 

1/0 

BE 

B 

BISXN 

CMOS Schmitt, Non-inverting Bidirectional Input 

1/0 

BE 

20 

ISXNH 

CMOS, Schmitt, Non-inverting Clock Driver Input 

1/1 

mm 


3.3/5 Volt INPUTS 


B 

ILTXN 

TTL, Non-Inverting Input 

11/01 

7-4 

B 

BILTXN 

TTL, Non-Inverting Bidirectional Input 


7-4 

i^l 

ILTXNH 

TTL, Non-inverting Clock Driver Input 

rjKl 

mm 

3.3/3.3 Volt INPUTS 

m 

ILCI 

CMOS, Inverting Input 

1/0 

7-1 

B 

BILCI 

CMOS, Inverting Bidirectional Input 

1/0 

7-1 

B 

ILCN 

CMOS, Non-Inverting Input 

1/0 

7-2 

B 

BILCN 

CMOS, Non-inverting Bidirectional Input 

1/0 


iB 

ILCNH 

CMOS, Non-inverting Clock Driver Input 

1/1 

mm 

B 

ILSN 

CMOS Schmitt, Non-inverting Input 

1/0 

BE 

7 

BILSN 

CMOS Schmitt, Non-inverting Bidirectional Input 

1/0 

BE 

8 

ILSNH 

CMOS, Schmitt, Non-Inverting Clock Driver Input 

1/1 

warn 


5/5 Volt OUTPUTS 


m 

ON2 

3mA Standard Output 

0/1 


Bl 

ON4 

6mA Standard Output 

0/1 

mm 

Bl 

ON8 

12mA Standard Output 

0/1 

mm 


ON16 

24mA Standard Output 

0/1 

mm^ 

Bl 

ON32 

32mA Standard Output 

0/1 


Bl 

ON4S2 

6mA Standard Output with Slew Control 

0/1 

■B 

7 

ON8S2 

12mA Standard Output with Slew Control 

0/1 


8 

ON16S2 

24mA Standard Output with Slew Control 

0/1 


Bl 

ON32S2 

32mA Standard Output with Slew Control 

0/1 

BE 

Mpj 

ON2T 

3mA 3-State Output 

0/1 

7-11 

Bl 

BON2T 

3mA 3-State Bidirectional Output 

0/1 

7-11 

Bl 

ON4T 

6mA 3-State Output 

0/1 

7-11 

Bl 

BON4T 

6mA 3-State Bidirectional Output 

0/1 

7-11 

Bl 

ON8T 

12mA 3-State Output 

0/1 

7-11 
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5/5 Volt OUTPUTS (Continued) 

■a 

BON8T 

12mA 3-State Bidirectional Output 

0/1 

7-11 

■a 

ON16T 

24mA 3-State Output 

0/1 

7-11 

■u 

BON16T 

24mA 3-State Bi-directional Output 


7-11 

■a 

ON32T 

48mA 3-State Output 

■iTiM 

7-11 

■a 

BON32T 

48mA 3-State Bi-directional Output 

■PTIM 

7-11 

[23 

ON4TS2 

6mA 3-State Output with Slew Control 

■BMB 

7-16 

Bl 

BON4TS2 

6mA 3-State Output with Slew Control 


7-16 

rea 

ON8TS2 

12mA 3-State Output with Slew Control 

HOI 

7-16 

reel 

BON8TS2 

12mA 3-State Output with Slew Control (Output part of Bidirectional) 

0/1 

7-16 

m 

ON16TS2 

24mA 3-State Output with Slew Control 

0/1 

7-16 

m 

BON16TS2 

24mA 3-State Output with Slew Control (Output part of Bidirectional) 

0/1 

7-16 

Mist 

ON32TS2 

48mA 3-State Output with Slew Control 

0/1 

7-16 


BON32TS2 

48mA 3-State Output with Slew Control (Output part of Bidirectional) 

0/1 

7-16 


ON20D 

3mA (Sink) Open-Drain Output 

0/1 

7-19 


0N40D 

6mA (Sink) Open-Drain Output 

0/1 

7-19 


0N80D 

12mA (Sink) Open-Drain Output 

0/1 

7-19 

EO 

B0N80D 

12mA (Sink) Open-Drain Bidirectional Output 

0/1 

7-19 

■ca 

0N160D 

24mA (Sink) Open-Drain Output 

0/1 

7-19 

■eg 

B0N160D 

24mA (Sink) Open-Drain Bidirectional Output 

0/1 

7-19 


0N320D 

48mA (Sink) Open-Drain Output 

0/1 

7-19 

lEai 

B0N320D 

48mA (Sink) Open-Drain Bidirectional Output 

0/1 

7-19 


Sl 

3 

1] 


BONX2T 


ONX4T 


BONX4T 

ONX8T 


5/3.3 Volt OUTPUTS 


3mA Standard Output _ 

6mA Standard Output 


12mA Standard Output 


KniTilCBSjRiatJUMIll 


13mA 3>State Bidirectional Output 


6mA 3-State Output 


6mA 3-State Bidirectional Output 
~ 12mA 3-State Output 



ONLX4 3mA Standard Output 


ONLX8 6mA Standard Output 


ONLX16 12mA Standard Output 


ONLX2T 2mA 3-State Output 


BONLX2T 2mA 3-State Bidirectional Output 


ON LX4T 3mA 3-State Output 


BONLX4T 3mA 3-State Bidirectional Output 


ONLX8T 6mA 3-State Output 


BONLX8T 6mA 3-State Bidirectional Output 


ONLX16T 12mA 3-State Output 


BONLX16T 112mA 3-State Bidirectional Output 



0/1 

7-6 

0/1 

7-6 

0/1 


0/1 

7-11 

0/1 

7-11 

0/1 

7-11 

0/1 

7-11 

0/1 

7-11 

0/1 


0/1 

7-6 

0/1 

7-6 

0/1 

7-6 

0/1 

7-6 

0/1 

7-11 

0/1 

7-11 

0/1 

7-11 

0/1 

7-11 

0/1 

7-11 

0/1 

7-11 

0/1 

7-11 

0/1 

7-11 
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MACROS 


# 


PERIPHERAL MACROS 

s 

Page# 

3.3/3,3 Volt OUTPUTS 

1 

ONL2 

2mA Standard Output 

0/1 

7-6 

B 

ONL4 

3mA Standard Output 

0/1 

moiii 

Kl 

ONL8 

6mA Standard Output 

0/1 


4 

ONL16 

12mA Standard Output 

0/1 

7-6 

B 

ONL2T 

2mA 3-State Output 

0/1 

7-11 

B 

BONL2T 

2mA 3-State Bidirectional Output 

0/1 

7-11 

7 

ONL4T 

3mA 3-State Output 

0/1 

7-11 

B 

BONL4T 

3mA 3-State Bidirectional Output 

0/1 

7-11 

B 

ONL8T 

6mA 3-State Output 

0/1 

7-11 

■PI 

BONL8T 

6mA 3-State Bidirectional Output 

0/1 

7-11 

B 

ONL16T 

12mA 3-State Output 

0/1 

7-11 

■Bi 

BONL16T 

12mA 3-State Bidirectional Output 

0/1 

7-11 

■a 

0NL40D 

3mA (Sink) Open-Drain Output 

0/1 

7-19 

■a 

0NL80D 

6mA (Sink) Open-Drain Output 

0/1 

7-19 

m 

B0NL80D 

6mA (Sink) Open-Drain Bidirectional Output 

0/1 

7-19 

B 

0NL160D 

12mA (Sink) Open-Drain Output 

0/1 

7-19 

■B 

B0NL160D 

12mA (Sink) Open-Drain Bidirectional Output 

0/1 

7-19 

Note: Any of the “B” prefix Outputs may be used with any of the “B” prefix Inputs (above) to form a unique Bidirec¬ 
tional combination (with or without any of the two “pull” resistors). 



5/5 Volt OSCILLATORS 



1 

OSCPB 

Standard Oscillator 

2/2 

7-21 

B 

OSCPHB 

Oscillator with Clock Driver Buffer 

2/2 

7-21 

B 

OSCPSB 

Oscillator with Schmitt Trigger Buffer 

2/2 

7-21 


3.3/3.3 Volt OSCILLATORS 


B 

OSCPBL 

Standard Oscillator 

2/2 

7-21 

B 

OSCPHBL 

Oscillator with Clock Driver Buffer 

2/2 

7-21 

B 

OSCPSBL 

Oscillator with Schmitt Trigger Buffer 

2/2 

7-21 


RESISTORS 


B 

PUL 

Pull-Up, Low current/speed Resistor 

N/A 

7-23 

B 

PDL 

Pull-Down, Low current/speed Resistor 

N/A 

7-23 


Note: Any one of these two resistors may be used with any Input or Bidirectional. 


5/5 Volt ANALOG PLL MACROS 


B 

API 

Analog CMOS PLL Type 1 

0 

7-362 

B 

AP2 

Analog CMOS PLL Type 2 

0 

7-362 

B 

APD1 

Analog PECL PLL Differential Type 1 

0 

7-365 

B 

APD2 

Analog PECL PLL Differential Type 2 

0 

7-365 

B 

PLLDelay 

Non-Inverting Analog PLL Buffer 

1 

7-368 


3.3/3.3 Volt ANALOG PLL MACROS 


B 

APL1 

Analog CMOS PLL Type 1 

0 

7-362 

B 

APL2 

Analog CMOS PLL Type 2 

0 

7-362 

B 

APDL1 

Analog PECL PLL Differential Type 1 

0 

7-365 

B 

APDL2 

Analog PECL PLL Differential Type 2 

0 

7-365 

B 

PLLDelay 

Non-Inverting Analog PLL Buffer 

1 

7-368 
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PERIPHERAL MACROS 


S Page# 


5/5 Volt CMTL INPUT/OUTPUT 


1 

ICMD 

CMTL Differential Input 

1/0 

7-24 

B 

BICMD 

CMTL Differential Bidirectional Input 

1/0 

7-24 

B 

OD32TCMT 

CMTL 3-State Differential Output with Active Termination 

0/1 

7-25 

B 

BOD32TCMT 

CMTL Bidirectional 3-State Differential Output with Active Termination 

0/1 

7-25 

B 

032CM 

CMTL Output Single Ended 

0/1 

7-29 

B 

OD32CMT 

CMTL 3-State Differential Output 

0/1 

7-27 

5/3.3 Volt CMTL INPUT/OUTPUT 

1 

ODLX32CMT | CMTL 3-State Differential Output | 

0/1 

7-27 1 

3.3/5 Volt CMTL INPUT/OUTPUT 

1 

ODX32CM 

CMTL Differential Output 

0/1 

7-26 1 

3.3/3.3 Volt CMTL INPUT/OUTPUT 

1 

ILCMD 

CMTL Differential Input 

1/0 

7-24 

B 

ODL32CMT 

CMTL 3-State Differential Output 

0/1 

7-27 

5/5 Volt GTL INPUT/OUTPUT 


IGI 

Inverting GTL Input 

1/0 

7-30 

B 

IGN 

Non-Inverting GTL Input 

1/0 

7-31 

B 

BIGN 

Non-Inverting GTL Bidirectional Input 

1/0 

7-31 

B 

ON20G 

GTL Output 

0/1 

7-32 

B 

BON40G 

GTL Bidirectional Output 

0/1 

7-32 

3.3/3.3 Volt GTL INPUT/OUTPUT 

B 

ILGI 

Inverting GTL Input 

1/0 

7-30 

B 

ILGN 

Non-Inverting GTL Input 

1/0 

7-31 

B 

BILGN 

Non-Inverting GTL Bidirectional Input i 

1/0 

7-31 

4 

ONL20G 

GTL Output 

0/1 

7-32 

B 

BONL40G 

GTL Bidirectional Output 

0/1 

7-32 


5/5 Volt PECL INPUT/OUTPUT 


I 1 |IPD _ I PECL Differential Input _ | 1/0 | 7>33 | 



5/3.3 Volt PECL INPUT/OUTPUT 


1 1 IIPXD 

1 PECL Differential Input 

1 1/0 1 7-33 1 


3.3/3.3 Volt PECL INPUT/OUTPUT 


I 1 IILPD _ I PECL Differential Input _ | 1/0 | 7-33 | 

5/5 Volt PCI INPUT/OUTPUT 


1 

IPCH 

PCI Non-Inverting Clock Input 

1/0 

7-34 

B 

ONPC 

PCI Standard Output 

1/0 

7-35 

B 

ONTPC 

PCI 3-State Standard Output 

1/0 

7-36 

B 

BONTPC 

PCI 3-State Bidirectional Output 

1/0 

7-36 


3.3/3.3 Volt PCI INPUT/OUTPUT 


rn 

ILPC 

PCI Non-Inverting Input 

1/0 

7-34 

Bl 

BILPC 

PCI Non-Inverting Bidirectional Input 

1/0 

7-34 

Bl 

ILPCH 

PCI Non-Inverting Clock Input 

1/0 

7-34 

Bl 

ONLPC 

PCI Standard Output 

1/0 

7-35 


ONLTPC 

PCI 3-State Standard Output 

1/0 

7-36 

Bl 

BONLTPC 

PCI 3-State Bidirectional Output 

1/0 

7-36 
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JTAG INPUT and OUTPUT MACROS 


« 

JTAG MACROS 

Sor 

Gates 

IIIHl 

JTAG Control Macro Functions 

1 

BPREG 

1 -Bit Bypass Register 

10 

7-172 


ENSCANI 

Enable Boundary scan Macro 

20 

7-173 

B 

IDREG 

32-Bit device Identification Code Register 

256 

7-175 

4 


1-Bit pf Instruction Register (Soft Macro) 

25 

7-177 

5 

MCJREG4 

1 -Bit pf Instruction Register (Soft Macro) 

124 

7-178 

B 

FMC_TAPCA 

TAP Controller (FIRM Macro) Fixed Placement which effects Routing 

276 

7-179 

5/5 Volt INPUTS 

D 

ICNJ 

CMOS, Non-inverting Input 

1/0 

7-105 

B 

BICNJ 

CMOS, Non-inverting Bidirectional Input 

1/0 

7-73 

B 

ICNCKHJ 

CMOS, Non-inverting Clock Driver Input 

1/0 

7-114 

4 

ISNJ 

CMOS Schmitt, Non-Inverting Input 

1/0 

7-108 

B 

BISNJ 

CMOS Schmitt, Non-inverting Bidirectional Input 

1/0 

7-74 

B 

ISNCKHJ 

CMOS Schmitt, Non-inverting Clock Driver Input 

1/0 

7-117 

B 

ITNJ 

TTL, Non-inverting Input 

1/0 

7-110 

8 

BITNJ 

TTL, Non-inverting Bidirectional Input 

1/0 

7-75 

B 

ITNCKHJ 

TTL, Non-inverting Clock Driver Input 

1/0 

7-119 

10 


TTL Schmitt, Non-inverting Input 



■n 

BITSNJ 

TTL Schmitt, Non-inverting Bidirectional Input 



wa 

ITSNCKHJ 

TTL, Schmitt, Non-Inverting Clock Driver Input 



5/3.3 Volt INPUTS 

1 

ICXNJ 

CMOS, Non-inverting Input 

1/0 

7-105 

B 

BICXNJ 

CMOS, Non-Inverting Bidirectional Input 

iTo 

7-73 

B 

ICXNCKHJ 

CMOS, Non-inverting Clock Driver Input 

1/0 

7-114 

B 

ISXNJ 

CMOS Schmitt, Non-inverting Input 

1/0 

7-108 

B 

BISXNJ 

CMOS Schmitt, Non-inverting Bidirectional Input 

1/0 

7-74 

B 

ISXNCKHJ 


1/0 

7-117 


1 

ILTXNJ 

TTL, Non-Inverting Input 

1/0 

7-110 

B 

BILTXNJ 

TTL, Non-inverting Bidirectional Input 

1/0 

7-75 

■m 

ILTXNCKHJ 

TTL, Non-Inverting Clock Driver Input 

1/0 

7-119 


3.3/3.3 Volt INPUTS 


1 

ILCNJ 

CMOS, Non-Inverting Input 

1/0 

7-105 

B 

BILCNJ 

CMOS, Non-inverting Bidirectional Input 

1/0 

7-73 

B 

ILCNCKHJ 

CMOS, Non-Inverting Clock Driver Input 

1/0 

7-114 

B 

ILSNJ 

CMOS Schmitt, Non-Inverting Input 

1/0 

7-108 

5 

BILSNJ 

CMOS Schmitt, Non-inverting Bidirectional Input 

1/0 

7-74 

6 

ILSNCKHJ 

CMOS Schmitt, Non-inverting Clock Driver Input 

1/0 

7-117 


5/5 Volt OUTPUTS 


B 

ON4J 

6mA Standard Output 

0/1 

7-121 

B 

ON8J 

12mA Standard Output 

0/1 

7-125 

3 

ON16J 

24mA Standard Output 

0/1 

7-128 

4 

ON4S2J 

6mA Standard Output with Slew Control 

0/1 

7-131 

5 

ON8S2J 

12mA Standard Output with Slew Control 

0/1 

7-131 

6 

ON16S2J 

24mA Standard Output with Slew Control 



7 

ON4TJ 

6mA 3-State Output 

0/1 

7-142 

B 

BN4TJ 

6mA 3-State Bidirectional Output 

0/1 

7-83 

B 

ON8TJ 

12mA 3-State Output 

0/1 

7-146 

10 

BN8TJ 

12mA 3-State Bidirectional Output 

0/1 

7-89 

11 

ON16TJ 

24mA 3-State Output 
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JTAG OUTPUT MACROS 
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UTAQ MACROS 


5/5 Volt OUTPUTS (Continued) 





BN8TS2J 


ON16TS2J 


BN16TS2J 


0N40DJ 


0N80DJ 

BN80DJ 


12mA 3-State Output with Slew Control (Output part of Bidirectional) 


24mA 3-State Output with Slew Control 


24mA 3-State Output with Slew Control (Output part of Bidirectional) 


6mA (Sink) Open-Drain Output 


12mA (Sink) Open-Drain Output _ 

12mA (Sink) Open-Drain Bidirectional Output 


ONX8J 


ONX4TJ 


BNX4TJ 


ONX8TJ 


|B NX8TJ 


ONLX4J 


ONLX8J 


12mA 3-State Output 


112mA 3-State Bidirectional Output 

3.3/5 Volt OUTPUTS 


3mA Standard Output 


16mA Standard Output 




ONLX4TJ 


BNLX4TJ 


ONLX8TJ 


BNLX8TJ 

ONLX16TJ 

BNLX16TJ 


6mA 3-State Bidirectional Output _ 

12mA 3-State Output _ 

12mA 3-State Bidirectional Output _ 

3.3/3.3 Volt OUTPUTS 




B 


■ 

■1 

7-121 

■1 

7-121 

■1 

7-121 


7-146 



7-121 


7-125 



1 

ONL4J 

3mA Standard Output 

0/1 

BOO 

2 

ONL8J 

6mA Standard Output 

0/1 

KBggl 

wm 

ONL16J 

12mA Standard Output 

0/1 

7-128 

D 

ONL4TJ 

3mA 3-State Output 

0/1 

7-142 

5 

BNL4TJ 

3mA 3-State Bidirectional Output 

0/1 

7-83 


ONL8TJ 

6mA 3-State Output 

0/1 

7-146 

7 

BNL8TJ 

6mA 3-State Bidirectional Output 

0/1 


8 

ONL16TJ 

12mA 3-State Output 

0/1 

7-150 

9 

BNL16TJ 

12mA 3-State Bidirectional Output 

0/1 

7-94 

10 

0NL40DJ 

3mA (Sink) Open-Drain Output 

0/1 

7-135 

11 

0NL80DJ 

6mA (Sink) Open-Drain Output 

0/1 

7-138 


BNL80DJ 

6mA (Sink) Open-Drain Bidirectional Output 

0/1 

7-77 

ilSl 

0NL160DJ 

12mA (Sink) Open-Drain Output 

0/1 

7-140 

Ul 


12mA (Sink) Open-Drain Bidirectional Output 

0/1 

7-80 


Note: Any of the “B” prefix Outputs may be used with any of the “B” prefix Inputs (above) to form a unique Bidirec¬ 
tional combination (with or without any of the two “pull” resistors). 


H4CPIUS Series Design Reference Guide 


MOTOROLA 

6-11 






















































































H4CPIUS Quick Reference Guide 


JTAG, OSCILLATOR, CMTL, GTL, 
PECL and PCI MACROS 


# 

3TAQ MACROS 

Sor 

Gates 

Page# 

5/5 Volt OSCILLATORS 


OSCPBJ 

B-S Register Oscillator W/Non-Inverting 

2/2 

7-158 

wm 

OSCPHBJ 

Input/Oscillator W/Clock Buffer Input 

2/2 

7-158 


OSCPSB 

Oscillator W/Schmitt Trigger Input -JTAG 

2/2 

7-158 


3.3/3.3 Volt OSCILLATORS 


MJ 

OSCPBLJ 

B-S Register Oscillator W/Non-Inverting 

2/2 

7-158 

B 

OSCPHBLJ 

Input/Oscillator W/Clock Buffer Input 

2/2 

7-158 

B 

OSCPSBLJ 

Oscillator W/SchmItt Trigger Input -JTAG 

2/2 

7-158 


5/5 Volt CMTL INPUT/OUTPUT 


1 

ICMDJ 

CMTL Differential Input 

1/0 

7-37 

2 

OD32TCMTJ 

CMTL 3-State Differential Output with Active Termination 

0/1 

7-38 

3 

OD32CMTJ 

CMTL 3-State Differential Output 

0/1 

7-40 


3 . 313.3 Volt CMTL INPUT/OUTPUT 


I 4 IODL32CMTJ ICMTL 3-State Differential Output \ 67i I 7-40 1 




ONPCJ 


5/5 Volt GTL INPUT/OUTPUT 


1 IGNJ 

Non-Inverting GTL Input 

1/0 

7-42 

> BIGNJ 

Non-Inverting GTL Bidirectional Input 

1/0 

7-44 


GTL Output 


GTL Bidirectional Output 

3.3/3.3 Volt GTL INPUT/OUTPUT 


n 

IlLGNJ 

Non-Inverting GTL Input 

1/0 

7-42 


Non-Inverting GTL Bidirectional Input 

1/0 

7-44 

\m ■! 1 1 III 1 1 1 11^ 

GTL Output 

0/1 

7-45 


IBNL40GJ 

GTL Bidirectional Output 

0/1 

7-45 


5/5 Volt PECL INPUT/OUTPUT 






PCI Non-Inverting Input 


I dtlicieia r iai miEtCT i lfflff 

ri/iiicKgtgibiBiiEBigmi. 


ONLPCJ PCI Standard Output 


ONLTPCJ PCI 3-State Standard Output 


IBNLTPCJ PCI 3-State Bidirectional Output 


1 1/0 1 

7-51 


7-54 


7-56 




lamissHi 



1 BILPCJ 

PCI Non-Inverting Bidirectional Input 

1/0 7-53 

2 ILPCHJ 

PCI Non-Inverting Input 

1/0 7-51 


# 

OTAG TAP I/O MACROS 

Sor 

Gates 

Page# 

5/5 Volt TAP Inputs/Outputs Functions 

1 

TCK 

Test Clock 

1/0 

7-63 

2 

TCKH 

Test Clock, High Drive 

1/1 

7-63 

3 

TCKT 

Test Clock, TTL Levels 

1/0 

7-64 

4 

TCKHT 

Test Clock, TTL Levels, High Drive 

1/1 

7-64 

5 

TDI 

Test Data Input 

1/0 

7-65 

6 

TDIT 

Test Data lnput,TTL Levels 

1/0 

7-66 

7 

TDOUT 

Test Data Output 

1/1 

7-66 
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JTAG TAP MACROS and 
BOUNDARY SCAN MACROS 


# 


JTAG TAP VO MACROS 

Sor 

Gates 

8 

TfTS - 



9 

TMST 

Test Mode Select, TTL Levels 

1/0 

10 

TRSTB 

Test Reset (Bar) 

1/0 

11 

TRSTBT 

Test Reset (Bar),TTL Levels 

1/0 


H4CPIUS Quick Reference Guide 


Page # 


TAP Inputs/Outputs Functions 


3 ITCKTX 


TCKHTX 


5 ITDIX 


6 ITDITX 
TDOUTX 
8 ITMSX 


9 

10 

11 ITRSTBTX 


Test Clock, TTL Levels 


Test Clock, TTL Levels, High Drive 


Test Data Input 


Test Data lnput,TTL Levels _ 

Test Data Output _ 

Test Mode Select 






TRSTBTX [Test Reset (Bar),TTL Levels _ 

3.3/5 Volt TAP Inputs/Outputs Functions 
TCKLTX iTest Clock. TTL Levels 


2 ITCKHLTX Test Clock, TTL Levels, High Drive 


3 ITDILTX Test Data lnput,TTL Levels 


TDOUTLX Test Data Output 


5 TMSLTX Test Mode Select, TTL Levels 


TRSTBTX [Test Reset (Bar),TTL Levels _ 

3.3/3.3 Volt TAP Inputs/Outputs Functions 

1 ITCKL [Test Clock 

~2 [ tCKHL ~ Test Clock, High Drive _ 

TDIL _ Test Data Input _ 

TDOUTL Test Data Output _ 

5 ITMSL _ Test Mode Select _ 

_6_ TRSTBL Test Reset (Bar) _ 

Miscellaneous Boundary-Scan Macrocells 


CKDRMID 

B-S Register Clock Driver -JTAG 


0 

CKDRCC1 

B-S Register Clock Driver -JTAG 


0 

CKDRCC2 

B-S Register Clock Driver -JTAG 


0 

ENSCANJ 

B-S Register Enable Scan Macro -JTAG 


0 

IMCDR 

B-S Register Input Mode Control Driver -JTAG 


0 

OMCDR 

B-S Register Output Mode Control Driver -JTAG 


0 

ISOR 

Clock Net ISO and Test Data Resync- JTAG 


1/0 

SHDR, 

B-S Register Shift Driver -JTAG 


0 

TDBUF 

B-S Register Test Data Buffer -JTAG 


1/0 

UDDR 

B-S Register Update Driver -JTAG 


0 
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MACRO LIBRARY 
COMPOSITES 
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ICI/BICIILCI/BILCI 


MOTOROLA TECHNICAL DATA ■■ 

SECTION 7. H4CP SERIES MACRO COMPOSITES 
Section 7.1 Periphery Cells (Inputs/Outputs/Bidirectionais) 


Inverting CMOS Inputs and Bidirectional Input 5/5 V ICI/BICI 

(3.3 V and 5 V System/Core Voltage) 3.3/3.3 V ILCI/BILCI 



ICI / ILCI 



Function Table 


PAD 

Dl 

L 

H 

H 

L 


CMOS SWITCHING CHARACTERISTICS 

(input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 


FO=2 

FO=8 

K(n8/pF) 

Ulijgjl 

FO=2 




ICI/BICI 

ILCI/BILCI 

mm 

Propagation Delay, 

0.18 

0.19 

0.23 

0.12 

0.23 



0.15 

tpHL 

PAD to Dl 

0.16 

0.18 

0.22 

0.15 

0.20 

0.22 

0.27 

0.18 

tr 

Output Rise Time, Dl 

0.18 

0.20 

0.27 

0.24 



0.33 

0.33 

tf 

Output Fall Time, Dl 

0.17 

0.19 

0.25 

0.18 

0.15 


0.25 

0.24 

Capacitance per fanout = 0.05 pF (meta 

capacitance is not inc 

uded). 
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ICN/BICN/ICNH 

MOTOROLA TECHNICAL DATA 


Non-Inverting CMOS Inputs, Bidirectional 5/5 V ICN/BICN/ICNH 

Inputs and Clock Inputs 5/3.3 V ICXN/BICXN/ICXNH 

(3.3 V and 5 V System/Core Voltage) 3.3/3.3 V ILCN/BILCN/ILCNH 


MACRO 

SECTIONS USED 

ICN/ICXN/ILCN 

1/0 

BICN/BICXN/ 

1/0 

BILCN 

Rev. 1.07 

MACRO 

OUTPUTS/INPUTS 

ICN/ICXN/ILCN 

Dl / PAD,1C 

BICN/BICXN/ 

BILCN 

DI/BC 


MACRO 

INPUT CAP. 

ICN/ICXN/ILCN 

PAD: 5.06pF 

BICN/BICXN/ 

BILCN 

BCrO.IOpF 


MACRO 

SECTIONS USED 

ICNH/ICXNH/ 

ILCNH 

1/1 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

ICNH/ILCNH 

Dl / PAD,1C 


MACRO 

INPUT CAP. 

ICNH/ILCNH 

PAD: 5.16pF 


Function Table 


PAD 

Di 

L 

L 

H 

H 


XXX 

PAD 


XXX 

PAD 


ICN / ICXN / ILCN 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

5/5 V 

FO=0 

FO=2 FO=8 

K (ns/pF) 

FO=0 

FO=25 

FO=50 

K (ns/pF) 


ICN/BICN 

ICNH 

tpLH 

Propagation Delay, 

PAD to Dl 

0.35 

0.36 

0.39 

0.11 

0.38 

0.47 

0.55 

0.07 

tpHL 

0.36 

0.37 

0.42 

0.15 

0.41 

0.50 

0.58 

0.07 

tr 

Output Rise Time, Dl 

0.13 

0.15 

0.23 

0.25 

0.16 

0.28 

0.39 

0.09 

‘f 

Output Fall Time, Dl 

0.12 

0.14 

0.20 

0.20 

0.21 

0.30 

0.39 

0.07 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


Rev. 1.07 


Sym 

Parameter 

5/3.3 V 

3.3/3.3 V 

FO=0 

FO=2 



FO=0 

FO=2 

FO=8 



ICXN/BICXN 

ILCN/BILCN 

tpLH 

Propagation Delay, 

PAD to Dl 


0.41 


0.15 



0.51 


tpHL 


0.46 


0.19 



0.56 

0.19 

tr 

Output Rise Time, Dl 

0.15 

0.19 

0.29 

0.35 

0.17 


0.31 

0.34 

tf 

Output Fall Time, Dl 

0.13 

0.16 

0.23 

0.25 

0.17 


0.27 

0.24 


Capacitance per fanout = 0.05 pF (metal capacitance is not included), 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr.tf=1.0Qns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/3.3 V 

3.3/3.3 V 

FO=0 

FO=25 

FO=50 

K (ns/pF) 

FO=0 

FO=25 

FO=50 

K(ns/pF) 


iCXNH 

ILCNH 

B3M 

Propagation Delay, 

PAD to Dl 

■TilcM 

0.38 

0.45 

0.05 

0.50 

0.61 


0.09 

■SH 

0.26 

0,36 

0.47 

0.09 




0.09 

tr 


0.18 

0.36 


0.14 

0.20 



0.13 

tf 

Output Fall Time, Dl 

0.20 

0.37 

0.54 

0.14 

0.22 

0.35 

0.48 

0.10 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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ISN/BISN/ISNH 


MOTOROLA TECHNICAL DATA 


Non-Inverting CMOS Schmitt Trigger 5/5 V 
Inputs and Bidirectional Input 5/3.3 V 

(3.3 V and 5 V System/Core Voltage) 3.3/3.3 V 


ISN/BISN/ISNH 

ISXN/BISXN/ISXNH 

ILSN/BILSN/ILSNH 


MACRO 

SECTIONS USED 

ISN/ISXN/ILSN 

1/0 

BISN/BISXN/ 

BILSN 

1/0 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

ICN/ICXN/ILCN 

Dl / PAD,IC 

BISN/BISXN/ 

BILSN 

DI/BC 


MACRO 

INPUT CAP. 

ISN/ISXN/ILSN 

PAD: 5.08pF 

BISN/BISXN/ 

BILSN 

BC:0.12pF 


MACRO 

SECTIONS USED 


ISNH/ISXNH/ 

ILSNH 

1/1 

XXX 
PAD I 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 


ISNH/ILSNH 

Dl / PAD,IC 




XXX 

MACRO 

INPUT CAP. 

PAD t 

ISNH/ILSNH 

PAD: 5.20pF 

]c 


ISN / ISXN / ILSN 
Dl 



IC 


ISNH/ISXNH/ILSNH 


IC 



Dl 


BISN / BISXN / BILSN 


Function Table 


PAD 

Dl 

L 

L 

H 

H 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

5/5 V 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

FO=0 

FO=25 

FO=50 

K (ns/pF) 


ISN/BISN 

ISNH 

tpLH 

Propagation Delay, 

PAD to Dl 

0.55 

0.56 

0.59 

0.11 

0.49 

0.54 

0.59 

0.04 

tpHL 

0.80 

0.82 

0.87 

0.18 

0.90 

0.99 

1.08 

0.07 

tr 

Output Rise Time, Dl 

0.16 

0.18 

0.26 

0.25 

0.20 

0.34 

0.48 

0.11 

tf 

Output Fall Time, Dl 

0.27 

0.29 

0.35 

0.20 

0.35 

0.49 

0.64 

0.12 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/3.3 V 

3.3/3.3 V 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

FO=0 

FO=2 

FO=8 

K (ns/pF) 


ISXN/BISXN 

ILSN/BILSN 

tpLH 

Propagation Delay, 

PAD to Dl 

0.48 

0.50 

0.55 

0.16 

0.65 

0.66 

0.71 

0.17 

Vhl 

0.98 

1.01 

1.08 

0.24 

1.07 

1.09 

1.16 

0.24 

‘r 

Output Rise Time, Dl 

0.16 

0.20 

0.32 

0.39 

0.20 

0.24 

0.34 

0.34 

‘f 

Output Fall Time, Dl 

0.39 

0.41 

0.49 

0.25 

0.31 

0.34 

0.41 

0.26 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. ____Rev. 1.07 


Sym 

Parameter 

5/3.3 V 

3.3/3.3 V 

FO=0 

FO=25 

FO=50 

K (ns/pF) 

FO=0 

FO=25 

FO=50 

K(ns/pF) 


ISXNH 

ILSNH 

tpLH 

Propagation Delay, 

PAD to Dl 

0.46 

0.52 

0.59 

0.05 

0.59 

0.66 

0.73 

0.06 

tpHL 

0.93 

1.04 

1.16 

0.09 

1.26 

1.37 

1.49 

0.09 

'r 

Output Rise Time, Dl 

0.21 

0.38 

0.56 

0.14 

0.25 

0.42 

0.59 

0.14 

tf 

Output Fall Time, Dl 

0.44 

0.60 

0.76 

0.13 

0.52 

0.69 

0.86 

0.14 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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ITN/BITN/ITNH 

MOTOROLA TECHNICAL DATA 


Non-Inverting TTL Inputs and Bidirectional 5/5 V ITN/BITN/ITNH 

Input and Clock Inputs 3.3/5 V ILTXN/BILTXN/ILTXNH 

(3.3 V and 5 V System/Core Voltage) 


MACRO SECTIONS USED 


ITN/ILTXN 

1/0 

BITN/BILTXN 

1/0 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

ITN/ILTXN 

Dl/ PAD.IC 

BITN/BILTXN 

DI/BC 


MACRO 

INPUT CAP. 

ITN/ILTXN 

PAD: 5.05pF 

BITN/BILTXN 

BC: 0.09pF 


MACRO SECTIONS USED 


ITNH 

.1/1-1 

Rev. 1.07 

MACRO 

OUTPUTS/INPUTS 

ITNH 

Dl / PAD.IC 


MACRO 

INPUT CAP. 

ITNH 

PAD: 5.06pF 


Function Table 


PAD 

Dl 

L 

H 

L 

H 


XXX 

PAD 


XXX 

PAD 


ITN / ILTXN 



ITNH / ILTXNH 




CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 
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ITSN/BITSN 


MOTOROLA TECHNICAL DATA 


Non-Inverting TTL Schmitt Trigger Input 5/5 V ITSN/BITSN 

(5 V System/Core Voltage) 



Function Table 


PAD 

Dl 

L 

L 

H 

H 



CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

FO=0 

FO=2 

FO=8 

1 K(ns/pF) 1 


ITSN/BITSN 

tpLH 

Propagation Delay, 

PAD to Dl 

0.47 

0.48 

0.51 

0.11 

tpHL 

1.03 

1.05 

1.10 

0.19 

tr 

Output Rise Time, Dl 

0.13 

0.16 

0.23 

0.25 

tf 

Output Fall Time, Dl 

0.33 

0.35 

0.41 

0.20 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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ONn PNXn ONLXn ONLn 


MOTOROLA TEeHNICAL DATA 


Output Buffers 

(3.3 V and 5 V System/Core Voltage) 


MACRO 

SECTIONS USED 

All 

0/1 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

PAD / DO 


MACRO 

INPUT CAP. 

ON2,ONL2 

DO; 0.28pF 

ONLX2 

DO; O.SOpF 

ON4,ONL4 

DO; 0.39pF 

ONLX4 

DO; 0.54pF 

ON8,ONL8 

DO; 0.56pF 

ON16,ONLX16,ONL16 

DO; 0.90pF 

ON32 

DO; 1.66pF 

ONX2,ONX4 

DO; 0.40pF 

ONX8 

DO; 0.47pF 

ONLX8 

DO; 0.75pF 


5/5 V ONn 

5/3.3 V ONXn 

3.3/5 V ONLXn 

3.3/3.3 V ONLn 

n=2, 4, 8,16 or 32 


Function Table 


DO 

PAD 

L 

L 

H 

H 


ONn / ONXn / ONLXn / ONLn 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

pF=0 

pF=50 

pF=100 

K (ns/pF) 

pF=0 

pF=50 

pF=100 

K (ns/pF) 1 


ON2 

ONLX2 1 

tpLH 

Propagation Delay, 

0.41 

4.92 

9.43 

0.09 

0.89 

4.85 

8.80 

0.08 

tpHL 

DO to PAD 

0.38 

6.27 

12.15 


0.35 

4.47 

8.59 

0.08 

tr 

Output Rise Tinne, PAD 

0.22 

10.61 

21.00 

0.21 

0.36 

9.34 

18.33 

0.18 

tf 

Output Fall Time, PAD 

0.23 

11.80 

23.37 

0.23 

0.18 

9.55 

18.92 

0?i9 


ON4 

ONLX4 1 

tpLH 

Propagation Delay, 

0.59 

2.86 

5.12 

0.05 

0.55 

2.79 

5.03 

0.04 

tpHL 

DO to PAD 

0.58 

2.56 

4.55 

0.04 

0.41 

2.48 

4.54 

0.04 

tr 

Output Rise Time, PAD 

0.28 

5.41 

10.55 

0.10 

0.26 

5.31 

10.37 

0.10 

tf 

Output Fall Time, PAD 

0.30 

4.08 

7.87 

0.08 

0.18 

4.84 

9.50 

0.09 


ON8 

ONLX8 

tpLH 

Propagation Delay, 

0.43 

1.74 

3.05 

0.03 

0.77 

2.19 

3.61 

0.03 

tpHL 

DO to PAD 

0.75 

2.03 

3.32 

0.03 

0.68 

1.87 

3.07 

0.02 

tr 

Output Rise Time, PAD 

0.21 

3.13 

6.06 

0.06 

0.53 

3.46 

6.40 

0.06 

tf 

Output Fall Time, PAD 

0.46 

3.29 

6.11 

0.06 

0.48 

2.79 

5.10 

0.05 


ONI 6 

ONLX16 

tpLH 

Propagation Delay, 

0.52 

1.39 

2.27 

0.02 

0.76 

2.18 

3.60 

0.03 

tpHL 

DO to PAD 

0.64 

1.53 

2.42 

0.02 

0.50 

1.20 

1.90 

0.01 

tr 

Output Rise Time, PAD 

0.36 

2.09 

3.81 

0.03 

0.50 

3.44 

6.38 

0.06 

tf 

Output Fall Time, PAD 

0.42 

1.87 

3.32 

0.03 




■EESH 


ON32 





tpLH 

Propagation Delay, 

0.34 

0.84 

1.34 

0.01 


M/A 


tpHL 

DO to PAD 

0.54 

1.08 

1.61 

0.01 





tr 

Output Rise Time, PAD 

0.38 

1.33 

2.29 

0.02 





tf 

Output Fall Time, PAD 

0.72 

1.33 

1.93 

0.01 
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ONn ONXn ONLXn ONLn 


MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) ail units are in ns._Rev. 1.07 


Sym 

Parameter 

5/3.3 V 

3.3/3.3 V 

pF=0 

pF=50 

pF=100 

K (ns/pF) 




K (ns/pF) 


ONX2 

ONL2 

Vlh 

Propagation Delay, 

DO to PAD 

0.70 

5.19 

9.69 

0.09 



■Esa 

0.13 

tpHL 

0.86 

6.56 

12.27 

0.11 


7.58 

■E^ 

0.14 

tr 

Output Rise Time, PAD 

0.49 

10.87 

21.26 

0.21 




0.29 

tf 

Output Fall Time, PAD 

0.54 

12.10 

23.66 

0.23 

0.31 

14.40 


0.28 


ONX4 

ONL4 

tpLH 

Propagation Delay, 

DO to PAD 

1.02 

3.28 

5.55 

0.05 

0.75 

3.95 

7.16 

0.06 

tpHL 

0.86 

3.79 

6.73 

0.06 

0.73 

3.12 

5.50 

0.05 

tr 

Output Rise Time, PAD 

0.47 

5.58 

10.68 

0.10 

0.32 

7.43 

14.53 

0.14 

tf 

Output Fall Time, PAD 

0.36 

6.11 

11.87 

0.12 

0.35 

4.96 

9.58 

0.09 


ONX8 

ONL8 

tpLH 

Propagation Delay, 

DO to PAD 

1.06 

2.49 

3.92 

0.03 

0.57 

2.41 

4.25 

0.04 

tpHL 

1.15 

2.72 

4.29 

0.03 

0.95 

2.49 

4.03 

0.03 

tr 

Output Rise Time, PAD 

0.70 

3.57 

6.43 

0.06 

0.25 

4.28 

8.32 

0.08 

tf 

Output Fall Time, PAD 



6.23 


0.56 

3.98 

7.41 

0.07 



ONL16 

IBRi 

Propagation Delay, 

DO to PAD 

0.71 

1.89 

3.08 

0.02 

tpHL 





tr 

Output Rise Time, PAD 

0.46 

2.80 

5.15 

0.05 

tf 

Output Fall Time, PAD 

0.52 

2.26 

4.01 

0.03 


TTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) ail units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

pF=0 

pF=50 

pF=100 

K (ns/pF) 

pF=0 

pF=50 

pF=100 

K (ns/pF) 


ON2 

ONLX2 

tpLH 

Propagation Delay, 

DO to PAD 

0.36 

2.63 

4.90 

0.05 

0.87 

3.90 

6.94 

0.06 

tpHL 

0.45 

9.58 

18.71 

0.18 

0.37 

5.54 

10.72 

0.10 

I— 


0.22 

10.61 

21.00 

0.21 




0.18 

■Da 

Output Fall Time, PAD 

0.23 

11.80 

23.37 

0.23 

0.18 

9.55 

18.92 

0.19 


ON4 

ONLX4 



lllygegi 



0.02 

Eai 



0.03 





0.06 

EEEI 



0.05 

tr 

Output Rise Time, PAD 

0.28 

5.41 

10.55 

0.10 

0.26 

5.31 

10.37 

0.10 

tf 

Output Fall Time, PAD 

0.30 

4.08 

7.87 

0.08 

0.18 

4.84 

9.50 

0.09 


ON8 

ONLX8 

tpLH 

Propagation Delay, 

DO to PAD 

0.37 

1.06 

1.75 

0.01 

0.71 

1.84 

2.98 

0.02 

tpHL 

0.84 

2.76 

4.68 

0.04 

0.73 

2.18 

3.63 

0.03 

tr 

Output Rise Time, PAD 

0.21 

3.13 

6.06 

0.06 

0.53 

3.46 

6.40 

0.06 

tf 

Output Fall Time, PAD 

0.46 

3.29 

6.11 

0.06 

0.48 

2.79 

5.10 

0.05 
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ONn ONXn ONLXn ONLn 


MOTOROLA TECHNICAL DATA 


TTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1,00ns) TJ= 25.0°C (Nominal) all units are in ns. 


Rev. 1.07 


3.3/5 V 


pF=50 pF=100 K(ns/pF) 


ONLX16 



3.32 


ON32 


tpLH 

Propagation Delay, 

0.14 

0.44 

0.74 

0.01 

^PHL 

DO to PAD 

0.67 

1.41 

2.15 

0.01 

tr 

Output Rise Time, PAD 

0.38 

1.33 

2.29 

0.02 

tf 

Output Fall Time, PAD 

0.72 

1.33 

1.93 

0.01 


TTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns 
“7 ^ I 5/3.3 V 


5/3.3 V 3.3/3.3 V 

pF=50 I pF=100 I K(ns/pF) pF=0 1 pF=50 | pF=100 | K(ns/pF) 
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0NnS2 


MOTOROLA TECHNICAL DATA 


Output Buffers 5/5 V ONnS2 

with Slew Rate Control (S2) n=4, 8,16 or 32 

(5 V System/Core Voltage) 


MACRO 

SECTIONS USED 

All 

0/1 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

PAD / DO 


MACRO 

INPUT CAP. 

ON4S2 

DO: 0.39pF 

ON8S2 

DO: O.eOpF 

ON16S2 

DO: 0.90pF 

ON32S2 

DO: 1.66pF 


Function Table 


DO 

PAD 

L 

L 

H 

H 


DO 



XXX 

PAD 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

pF=0 

pF=50 

pF=100 

K (ns/pF) 


ON4S2 

tpLH 

Propagation Delay, 

DO to PAD 

1.30 

3.66 

6.01 

0.05 

tpHL 

1.04 

3.08 

5.13 

0.04 

V 

Output Rise Time, PAD 

0.61 

5.69 

10.77 

0.10 

tf 

Output Fall Time, PAD 

0.48 

4.24 

7.99 

0.C8 


ON8S2 

tpLH 

Propagation Delay, 

DO to PAD 

1.11 

2.62 

4.12 

0.03 

tpHL 

1.22 

2.61 

4.01 

0.03 

tr 

Output Rise Time, PAD 

0.70 

3.60 

6.49 

0.06 

tf 

Output Fall Time, PAD 

0.66 

3.50 

6.33 

0.06 


ON16S2 

Vlh 

Propagation Delay, 

DO to PAD 

1.25 

2.31 

3.36 

0.02 

tpHL 

1.02 

2.01 

3.00 

0.02 

tr 

Output Rise Time, PAD 

0.69 

2.48 

4.26 

0.04 

tf 

Output Fall Time, PAD 

0.56 

2.04 

3.53 

0.03 


ON32S2 

tpLH 

Propagation Delay, 

DO to PAD 

1.15 

1.80 

2.46 

0.01 

tpHL 

0.92 

1.50 

2.07 

0.01 

tr 

Output Rise Time, PAD 

0.98 

Tm 

2.62 

0.02 

tf 

Output Fall Time, PAD 

0.76 

1.49 

2.22 

0.01 
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0NnS2 


MOTOROLA TECHNICAL DATA 


TTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

pF=0 

pF=50 

pFsIOO 

K (ns/pF) 

: 

ON4S2 1 

tpLH 

Propagation Delay, 

DO to PAD 

1.13 

2.42 

3.70 

0.03 

tpHL 

1.13 

4.25 

7.37 

0.06 

tr 

Output Rise Time, PAD 

0.61 

5.69 

10.77 

0.10 

tf 

Output Fall Time, PAD 

0.48 

4.24 

7.99 

0.08 


ON8S2 

tpLH 

Propagation Delay, 

DO to PAD 

0.89 

1.79 

2.70 

0.02 

tpHL 

1.35 

3.38 

5.40 

0.04 

tr 

Output Rise Time, PAD 

0.70 

3.60 

6.49 

0.06 

ti 

Output Fall Time, PAD 

0.66 

3.50 

6.33 

0.06 


ON16S2 1 

tpLH 

Propagation Delay, 

DO to PAD 

1.04 

1.71 

2.39 

0.01 

tpHL 

1.14 

2.54 

3.93 

0.03 

»r 

Output Rise Time, PAD 

0.69 

2.48 

4.26 

0.04 

tf 

Output Fall Time, PAD 

0.56 

2.04 

3.53 

0.03 

_ 

ON32S2 1 

tpLH 

Propagation Delay, 

DO to PAD 

0.93 

1.35 

1.76 

0.01 

tpHL 

1.18 

1.91 

2.65 

0.01 

tr 

Output Rise Time, PAD 

0.98 

1.80 

2.62 

0.02 

tf 

Output Fall Time, PAD 

0.76 

T'lgi ' 

1:22 ' 

0.01 


NOTE: 

The H4CPIUS Series user has the option to configure outputs with slew rate control to slow down the output edge rates of signals 
going off-chip. This feature helps to decrease system noise and overshoot/undershoot of the output signals caused by fast rise 
or fall times. The S2 option has up to 10% reduction in slew rate. 
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ONnT/BONnT ONXnT/BONXnT ONLXnT/BONLXnT ONLnT/BONLnT 

MOTOROLA TECHNICAL DATA 


3-State Outputs and Bidirectional Outputs 
(3.3 V and 5 V System/Core Voltage) 


MACRO 

SECTIONS USED 

ONnT/ONXnT/ONLXnT/ONLnT 

0/1 

BONnT/BONXnT/BONLXnT/BONLnT 

0/1 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

ONnT/ONXnT/ONLXnT/ONLnT 

PAD / DO,EN 

BONnT/BONXnT/BONLXnT/BONLnT 

BIC/DO,EN 


MACRO 

INPUT CAP. 

ON2T,BON2T,ON4T,BON4T,ON8T,BON8T, 

ONX2T,BONX2T,ONX4T,BONX4T,ONX8T,BONX8T, 

ONLX2T,BONLX2T,ONLX4T,BONLX4T,ONLX8T, 

BONLX8T,ONL2T,BONL2T,ONL4T,BONL4T, 

ONL8T,BONL8T 

DO: 0.24pF 

EN: 0.19pF 

ON 16T,BON 16T,ONLX16T,BONLX 16T, 
ONL16T,BONL16T 

DO,EN: 0.24pF 


5/5 V ONnT/BONnT 

5/3.3 V ONXnT/BONXnT 

3.3/5 V ONLXnT/BONLXnT 

3.3/3.3 V ONLnT/BONLnT 

n=2, 4, 8,16 or 32 


ONnT / ONXnT / ONLXnT / ONLnT 



XXX 

PAD 


BONnT / BONXnT / BONLXnT / BONLnT 



XXX 

PAD 


MACRO 

OUTPUT CAP. 

ON2T,BON2T,ON4T,BON4T,ONX2T,BONX2T, 

ONX4T,BONX4T,ONLX2T,BONLX2T,ONLX4T, 

BONLX4T,ONL2T,BONL2T,ONL4T,BONL4T 

PAD: 4.96pF 

ON8T,BON8T,ONX8T,BONX8T,ONL8T,BONL8T 

PAD: 5.10pF 

ON16T,BON16T,ONLX8T,BONLX8T,ONLX16T, 
BONLX16T,ONL16T,BONL16T 

PAD: 5.76pF 

ON32T,BON32T 

PAD: 9.52pF 


DO 

EN 

PAD 

L 

L 

Z 

L 

H 

L 

H 

L 

Z 

H 

H 

H 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

pF=0 

pF=50 

pF=100 

K (ns/pF) 

pF=0 

pF=50 

pF=100 

K (ns/pF) 1 


ON2T/BON2T 

ONLX2T/BONLX2T 

tpLH 

Propagation Delay, 

DO to PAD 

0.64 

5.15 

9.66 

0.09 

1.10 

5.05 

9.00 

0.08 

tpHL 

0.66 

6.54 

12.43 

0.12 

0.64 

4.76 

8.88 

0.08 

Vlz 

Propagation Delay, 

EN to PAD 

0.34 

0.34 

0.35 

0.00 

0.62 

0.63 

0.63 

0.00 

tpZL 

0.47 

6.35 

12.24 

0.12 

0.52 

4.64 

8.76 

0.08 

tpZH 

Propagation Delay, 

EN to PAD 

0.56 

5.07 

9.58 

0.09 

1.03 

4.98 

8.93 

0.08 

Vhz 

0.64 

0.64 

0.65 

0.00 

1.03 

1.03 

1.04 

0.00 

tr 

Output Rise Time, PAD 

0.23 

10.60 

20.98 

0.21 

0.42 

9.27 

18.12 

0.18 

tf 

Output Fall Time, PAD 

0.24 

11.79 

23.35 

0.23 

0.19 

9.54 

18.89 

0.19 


ON4T/BON4T 

ONLX4T/BONLX4T 

tpLH 

Propagation Delay, 

DO to PAD 

0.84 

3.11 

5.37 

0.05 

0.91 

3.15 

5.39 

0.04 

tpHL 

0.85 

2.84 

4.82 

0.04 

0.80 

2.87 

4.93 

0.04 

tpLZ 

Propagation Delay, 

EN to PAD 

0.78 

0.79 

0.79 

0.00 

0.84 

0.85 

0.85 

0.00 

tpZL 

0.69 

2.68 

4.66 

0.04 

0.75 

2.81 

4.88 

0.04 

tpZH 

Propagation Delay, 

EN to PAD 

0.77 

3.03 

5.30 

0.05 

0.83 

3.07 

5.31 

0.04 

tpHZ 

0.77 

0.77 

0.78 

0.00 

0.83 

0.83 

0.84 

0.00 

tr 

Output Rise Time, PAD 

0.31 

5.38 

10.44 

0.10 

0.31 



0.10 

tf 

Output Fall Time, PAD 

0.32 

4.07 

7.83 

0.08 


McitM 

6.47 

0.06 


H4CPIUS Series Design Reference Guide 


MOTOROLA 

7-11 














MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1 .OOns) TJ= 25.Q°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

pF=0 

pF=50 

pF=100 

K (ns/pF) 

pF=0 

pF=50 

pF=100 

K (ns/pF) 


ON8T/BON8T 

ONLX8T/BONLX8T | 

tpLH 

Propagation Delay, 

DO to PAD 

0.78 

2.09 

3.40 

0.03 


i^a 

IclMB 

0.03 

tpHL 

0.87 

2.15 

3.44 

0.03 

0.80 

■OB 


0.02 

tpLZ 



0.62 

0.63 

0.00 


0.85 


0.00 

HS9 


1.95 

3.23 

0.03 


1.94 


0.02 

tpZH 

Propagation Delay, 

EN to PAD 

0.69 

2.00 

3.31 

0.03 

0.99 

2.41 


0.03 

tpHZ 

0.96 

0.96 

0.97 

0.00 

013 

■OB 


0.00 

tr 

Output Rise Time, PAD 

0.22 

3.15 

6.08 

0.06 




0.06 

tf 

Output Fall Time, PAD 

0.34 

2.77 

5.20 

0.05 

0.30 

2.36 

4.42 

0.04 


ON16T/BON16T 

ONLX16T/BONLX16T 

Vlh 

Propagation Delay, 

DO to PAD 

0.82 

1.70 

2.57 

0.02 

0.99 

2.41 

3.83 

0.03 

tpHL 

0.97 

1.86 

2.75 

0.02 

0.79 

1.49 

2.19 

0.01 

Vlz 

Propagation Delay, 

EN to PAD 

0.68 

0.68 

0.69 

0.00 

0.80 

0.80 

0.81 

0.00 

tpZL 

0.67 

1.56 

2.45 

0.02 

0.71 

1.41 

2.11 

0.01 

VZH 

Propagation Delay, 

EN to PAD 

0.72 

1.59 

2.47 

0.02 

0.89 

2.31 

3.73 

0.03 

tpHZ 

1.14 

1.14 

1.15 

0.00 

0.89 

0.89 

0.90 

0.00 

tr 

Output Rise Time, PAD 

0.29 

2.17 

4.04 

0.04 

0.44 

3.49 

6.54 

0.06 

tf 

Output Fall Time, PAD 

0.33 

1.95 

3.56 

0.03 

0.30 

1.67 

3.05 

0.03 


ON32T/BON32T 

N/A 

tpLH 

Propagation Delay, 

DO to PAD 

1.04 

1.55 

2.06 

0.01 

tpHL 

1.07 

1.60 

2.13 

0.01 

tpLZ 

Propagation Delay, 

EN to PAD 

0.97 

0.97 

0.98 

0.00 

tpZL 

0.87 

1.40 

1.93 

0.01 

tpZH 

Propagation Delay, 

EN to PAD 

0.93 

1.44 

1.95 

0.01 

tpHZ 

0.95 

0.95 

0.96 

0.00 

tr 

Output Rise Time, PAD 

0.37 

1.36 

2.35 

0.02 

tf 

Output Fall Time, PAD 

0.73 

1.33 

1.92 

0.01 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0^0 (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/3.3 V 

3.3/3.3 V 

pF=0 

pF=50 

pF=100 

K (ns/pF) 

pF=0 

pF=50 

pF=100 

K (ns/pF) 


ONX2T/BONX2T 

ONL2T/BONL2T 

tpLH 

Propagation Delay, 

DO to PAD 

1.33 

5.84 

10.34 

0.09 

0.92 

7.32 

13.72 

0.13 

tpHL 

1.81 

7.70 

13.59 

0.12 

0.89 

7.94 

14.99 

0.14 

tpLZ 

Propagation Delay, 

EN to PAD 

0.83 

0.84 

0.84 

0.00 

0.75 


0.76 

0.00 

^PZL 

1.59 

7.48 

13.37 

0.12 

0.67 

IKWMI 


0.14 

^PZH 

Propagation Delay, 

EN to PAD 

1.22 

5.72 

10.23 

0.09 

0.81 

BiBB 



^PHZ 

1.20 

1.21 

1.21 

0.00 

0.79 




tr 

Output Rise Time, PAD 

0.49 

10.88 

21.27 

0.21 

0.33 



0.29 

tf 

Output Fall Time, PAD 

0.54 

12.11 

23.68 

0.23 

0.31 
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MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/3.3 V 

3.3/3.3 V 

pF=:0 

pF=50 

pF=100 

K(ns/pF) 

pF=0 

pF=50 

pF=100 

K (ns/pF) 


ONX4T/BONX4T 

ONL4T/BONL4T 

tpLH 

Propagation Delay, 

DO to PAD 

1.65 

3.92 

6.19 

0.05 

1.18 

4.39 

7.59 

0.06 

tpHL 

1.97 

4.92 

7.88 

0.06 

1.16 

3.55 

5.93 

0.05 

Vlz 

Propagation Delay, 

EN to PAD 

0.98 

0.99 

0.99 

0.00 

BQI 


1.02 

0.00 

tpZL 

1.73 

4.69 

7.64 

0.06 




0.05 

tpZH 

Propagation Delay, 

EN to PAD 

1.54 

3.81 

6.08 

0.05 

1.06 

4.27 

7.47 

0.06 

Vhz 

1.48 

1.48 

1.49 

0.00 

1.04 

1.04 

1.05 

0.00 

'r _ 

Output Rise Time, PAD 

0.47 

5.58 

10.69 

0.10 

0.38 

7.37 

14.36 

0.14 

t, 

Output Fall Time, PAD 

0.37 

6.13 

11.88 

0.12 

0.38 

4.94 

9.50 

0.09 


ONX8T/BONX8T 

ONL8T/BONL8T 

tpLH 

Propagation Delay, 

DO to PAD 

1.96 

3.40 

4.85 

0.03 

1.15 

2.99 

4.83 

0.04 

tpHL 

1.99 

3.58 

5.17 

0.03 

1.17 

2.71 

4.25 

0.03 

^PLZ 

Propagation Delay, 

EN to PAD 

1.17 

1.18 

1.18 

0.00 

1.00 

1.01 

1.01 

0.00 

tpZL 

1.76 

3.35 

4.94 

0.03 

0.92 

2.46 

4.00 

0.03 

tpZH 

Propagation Delay, 

EN to PAD 

1.85 

3.29 

4.74 

0.03 

1.03 

2.87 

4.71 

0.04 

Vhz 

1.67 

1.67 

1.68 

0.00 

1.01 

1.01 

1.02 

0.00 

tr 

Output Rise Time, PAD 

0.84 

3.63 

6.43 

0.06 

0.28 

4.29 

8.30 

0.08 

tf 

Output Fall Time, PAD 

0.58 

3.40 

6.22 

0.06 

0.42 

3.36 

6.30 

0.06 


N/A 

ONL16T/BONL16T 

tpLH 

Propagation Delay, 

DO to PAD 

1.21 

2.40 

3.58 

0.02 

tpHL 

1.29 

2.35 

3.42 

0.02 

tpLZ 

Propagation Delay, 

EN to PAD 

1.01 

1.02 

1.02 

0.00 

tpZL 

0.94 

2.00 

3.07 

0.02 

tpZH 

Propagation Delay, 

EN to PAD 

1.08 

2.26 

3.45 

0.02 

tpHZ 

1.06 

1.06 

1.07 

0.00 

tr 

Output Rise Time, PAD 

0.38 

2.88 

5.39 

0.05 

tf 

Output Fall Time, PAD 

0.42 

2.35 

4.27 

0.04 


TTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

PF=0 

pF=50 

pF=100 

K(ns/pF) 

pF=0 

pF=:50 

pF=100 

K(ns/pF) 


ON2T/BON2T 

ONLX2T/BONLX2T 

^PLH 

Propagation Delay, 

DO to PAD 

0.59 

2.86 

5.13 

0.05 

1.06 

4.09 

7.13 

0.06 

tpHL 

0.72 

9.85 

18.98 

0.18 

0.66 

5.83 

11.01 

0.10 

tpLZ 

Propagation Delay, 

EN to PAD 

0.65 

0.65 

0.66 

0.00 

0.65 

0.65 

0.66 

0.00 

tpZL 

0.55 

9.68 

18.81 

0.18 

0.55 

5.72 

10.90 

0.10 

^PZH 

Propagation Delay, 

EN to PAD 

0.51 

2.78 

5.05 

0.05 

0.98 

4.02 

7.05 

0.06 

tpHZ 

0.51 

0.52 

0.52 

0.00 

0.98 

0.99 

0.99 

0.00 

‘r 

Output Rise Time, PAD 

0.23 

10.60 

20.98 

0.21 

0.42 

9.27 

18.12 

0.18 

tf 

Output Fall Time, PAD 

0.24 

11.79 

23.35 

0.23 

0.19 

9.54 

18.89 

0.19 
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MOTOROLA TECHNICAL DATA 


TTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

pF=0 

pF=50 

pF=100 

K (ns/pF) 

pF=:0 

pF=50 

*o 

o 

o 

K (ns/pF) 


ON4T/BON4T 

ONLX4T/BONLX4T | 

^PLH 

Propagation Delay, 

DO to PAD 

0.76 

1.92 

3.08 

0.02 

0.88 

2.60 

4.33 

0.03 

tpHL 


III31SI 


0.06 


3.43 

6.02 

0.05 

tpLZ 

Propagation Delay, 

EN to PAD 


BOII 

ll|S|^yi 

0.00 


0.87 




1301 



0.06 




0.05 1 


Propagation Delay, 

EN to PAD 




0.02 



WB3SM 


msm 




0.00 


KEB 

HIBI 

0.00 

tr 

Output Rise Time, PAD 




0.10 

0.31 



0.10 

tf 

Output Fall Time, PAD 

0.32 

A.07__ 

7.83 

0.08 




0.06 


ON8T/BON8T 

ONLX8T/BONLX8T 

tpLH 

Propagation Delay, 

DO to PAD 

0.76 

1.92 

3.08 

0.02 

1.02 

2.15 

3.29 

0.02 

tpHL 

0.92 

3.99 

7.05 

0.06 

0.83 

2.28 

3.73 

0.03 

tpLZ 

Propagation Delay, 

EN to PAD 

0.86 

0.86 

0.87 

0.00 

0.87 

0.88 

0.88 

0.00 

tpZL 

0.77 

3.83 

6.90 

0.06 

0.77 

2.22 

3.67 

0.03 

tpZH 

Propagation Delay, 

EN to PAD 

0.67 

1.83 

2.99 

0.02 

0.93 

2.06 

3.20 

0.02 

tpHZ 

0.67 

0.68 

0.68 

0.00 

0.93 

0.93 

0.94 

0.00 

tr 

Output Rise Time, PAD 

0.31 

5.38 

10.44 

0.10 

0.48 

3.52 

6.56 

0.06 

tf 

Output Fall Time, PAD 

0.32 

4.07 

7.83 

0.08 

1.02 

2.15 

3.29 

0.02 


ON16T/BON16T 

ONLX16T/BONLX16T 

tpLH 

Propagation Delay, 

DO to PAD 

0.74 

1.25 

1.76 

0.01 

0.93 

2.06 

3.19 

0.02 

tpHL 

1.04 

2.33 

3.61 

0.03 




0.02 

tpLZ 

Propagation Delay, 

EN to PAD 

0.68 

0.68 

0.69 

0.00 




0.00 

tpZL 

0.76 

2.05 

3.33 

0.03 

0.73 

1.56 

2.38 

0.02 

tpZH 

Propagation Delay, 

EN to PAD 

0.63 

1.14 

1.65 

0.01 

0.83 

1.96 

3.09 

0.02 

tpHZ 

1.14 

1.14 

1.15 

0.00 

0.83 

0.84 

0.84 

0.00 

>r 

Output Rise Time, PAD 

0.29 

2.17 

4.04 

0.04 

0.44 

3.49 

6.54 

0.06 

tf 

Output Fall Time, PAD 

0.33 

1.95 

3.56 

0.03 

0.30 

1.67 

3.05 

0.03 


ON32T/BON32T 

N/A 

tpLH 

Propagation Delay, 

DO to PAD 

0.93 

1.24 

1.56 

0.01 

tpHL 

1.29 

1.95 

2.62 

0.01 

tpLZ 

Propagation Delay, 

EN to PAD 

1.11 

1.12 

1.12 

0.00 

tpZL 

1.02 

1.69 

2.35 

0.01 

tpZH 

Propagation Delay, 

EN to PAD 

0.82 

1.13 

1.45 

0.01 

tpHZ 

0.83 

0.83 

0.84 

0.00 

tr 

Output Rise Time, PAD 

0.37 

1.36 

2.35 

0.02 

tf 

Output Fall Time, PAD 

0.73 

1.33 

1.92 

0.01 
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MOTOROLA TECHNICAL DATA 


TTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 



Parameter 

5/3.3 V 

3.3/3.3 V 

pF=0 

pF=50 

pF=100 

K (ns/pF) 

pF=:0 

pF=:50 

pF=100 

K(ns/pF) 1 


ONX2T/BONX2T 

ONL2T/BONL2T 


Propagation Delay, 

DO to PAD 




0.05 

0.89 

5.84 

10.80 

0.10 





0.18 

10^3 


18.26 

0.17 

HiCH 



0.84 

0.84 

0.00 



0.80 

0.00 

tpZL 


10.92 

20.05 

0.18 

EQI 



0.17 

H!^!H 

Propagation Delay, 

EN to PAD 


|||e|ejj||| 


0.05 

E&9 



0.10 





0.00 



0.77 

0.00 

tr 





0.21 




0.29 

tf 

Output Fall Time, PAD 

0.54 

12.11 

23.68 


0.31 

14.39 

28.46 

0.28 



ONL4T/BONL4T 

tpLH 

Propagation Delay, 

DO to PAD 

1.55 

2.72 



1-15 

3.63 

6.12 

0.05 

tpHL 

2.07 

6.65 


0.09 




0.06 

tpLZ 

Propagation Delay, 

EN to PAD 


0.99 


msm 

1.05 

1.05 


0.00 

tpZL 


6.42 


■EH 

0.97 

3.89 


0.06 

^PZH 

Propagation Delay, 

EN to PAD 

1.43 

2.60 


■EH 

1.02 

3.51 

5.99 

0.05 

tpHZ 

1.48 

1.48 


0.00 

1.00 

1.01 

1.01 

0.00 

tr 

Output Rise Time, PAD 

0.47 

5.58 


0.10 

0.38 

7.37 

14.36 

0.14 

tf 

Output Fall Time, PAD 

0.37 

6.13 



0.38 

4.94 

9.50 

0.09 



ONL8T/BONL8T 

HD99li 

Propagation Delay, 

DO to PAD 

■SB 

3.40 

4.85 

0.03 

1.11 

2.55 

3.98 

0.03 

tpHL 


3.58 


0.03 


3.07 


0.04 

tpLZ 

Propagation Delay, 

EN to PAD 

1.17 

1.18 

1.18 

0.00 

BE9 


BESI 

0.00 

^PZL 

1.76 

3.35 

4.94 

0.03 


10^31 

4.67 

0.04 

tpZH 

Propagation Delay, 

EN to PAD 

1.85 

3.29 

4.74 

0.03 

0.99 

2.42 

3.86 


tpHZ 

1.67 

1.67 

1.68 

0.00 

0.97 

0.98 


0.00 

tr 

Output Rise Time, PAD 

0.84 

3.63 

6.43 

0.06 

0.28 

4.29 

8.30 

0.08 

tf 

Output Fall Time, PAD 

0.58 

3.40 

6.22 

0.06 

0.42 

3.36 

6.30 

0.06 


N/A 

ONL16T/BONL16T 

tpLH 

Propagation Delay, 

DO to PAD 

1.17 

2.13 

3.09 

0.02 

tpHL 

1.33 

2.59 

3.84 

0.03 

tpLZ 

Propagation Delay, 

EN to PAD 

1.06 

1.07 

1.07 

0.00 

tpZL 

0.99 

2.24 

3.50 

0.03 

tpZH 

Propagation Delay, 

EN to PAD 

1.03 

1.99 

2.95 

0.02 

tpHZ 

1.01 

1.02 

1.02 

0.00 

tr 

Output Rise Time, PAD 

0.38 

2.88 

5.39 

0.05 

tf 

Output Fall Time, PAD 

0.42 

2.35 

4.27 

0.04 
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ONnTSa BONnTS2 



MOTOROLA TECHNICAL DATA 


3-State Outputs and Bidirectional Outputs 5/5 V ONnTS2 

with Slew Rate Control (S2) n=4, 8, or 16 BONnTS2 

(5 V System/Core Voltage) 


MACRO 

SECTIONS USED 

ON4TS2,ON8TS2,ON 16TS2 

0/1 

BON4TS2,BON8TS2,BON16TS2 

0/1 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

ON4TS2,ON8TS2,ON 16TS2 

PAD/DO,EN 

BON4TS2,BON8TS2,BON16TS2 

BIC/DO.EN 


MACRO 

INPUT CAP. 

ON4TS2,BON4TS2,ON8TS2, 

BON8TS2 

DO; 0.24pF 
EN:0.19pF 

ON16TS2,BON16TS2 

DO,EN; 0.24pF 


ONnTS2 


DO 



XXX 

PAD 


EN 


BONnTS2 



XXX 

PAD 


EN 


Function Table 


DO 

EN 

PAD 

L 

L 

Z 

L 

H 

L 

H 

L 

Z 

H 

H 

H 


MACRO 

OUTPUT CAP. 

ON4TS2,BON4TS2 

PAD: 4.96pF 

ON8TS2,BON8TS2 

PAD:5.10pF 

ON16TS2,BON16TS2 

PAD: 5.76pF 

ON32TS2,BON32TS2 

PAD; 9.52pF 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/5 V 

pF=0 

pF=50 

pF=100 

K (ns/pF) I 


ON4TS2/BON4TS2 

L 

tpLH 

Propagation Delay, 

DO to PAD 

1.32 

4.07 

6.81 

0.05 

fpHL 

1.16 

3.54 

5.93 

0.05 

tpLZ 

Propagation Delay, 

EN to PAD 

1.10 

1.11 

1.11 

0.00 

tpZL 

1.01 

3.44 

5.87 

0.05 

fpZH 

Propagation Delay, 

EN to PAD 

1.25 

4.04 

6.83 

0.06 

tpHZ 

1.25 

1.26 

1.26 

0.00 

tr 

Output Rise Time, PAD 

0.57 

5.72 

10.87 

0.10 

‘f 

Output Fall Time, PAD 

0.45 

4.28 

8.11 

0.08 


ON8TS2/BON8TS2 

tpLH 

Propagation Delay, 

DO to PAD 

1.18 

2.69 

4.19 

0.03 

fpHL 

1.29 

2.68 

4.08 

0.03 

Vlz 

Propagation Delay, 

EN to PAD 

1.21 ' 

1.21 

1.22 

0.00 

^PZL 

1.12 

2.51 

3.91 

0.03 

tpZH 

Propagation Delay, 

EN to PAD 

1.11 

2.61 

4.12 

0.03 

fpHZ 

1.10 

1.11 

1.11 

0.00 

tr 

Output Rise Time, PAD 

0.62 

3.71 

6.80 

0.06 

tf 

Output Fall Time, PAD 

0.54 

3.62 

6.71 

0.06 
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0NnTS2 B0NnTS2 


MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) ail units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

pF=0 

pF=50 pF=100 

K (ns/pF) 


ON16TS2/BON16TS2 | 

Vlh 

Propagation Delay, 

DO to PAD 

■ia 

2.40 

3.46 

0.02 

tpHL 



3.18 

0.02 

tpLZ 

Propagation Delay, 

EN to PAD 


1.06 


0.00 

tpZL 

IEE9il 

1.96 

2.95 

0.02 


Propagation Delay, 

EN to PAD 

1.25 

2.31 


0.02 

Vhz 


1.26 

1.27 

0.00 

tr 

Output Rise Time, PAD 

0.55 

2.62 

4.70 

0.04 

tf 

Output Fall Time, PAD 

0.42 

2.19 

3.95 

0.04 


ON32TS2/BON32TS2 

tpLH 

Propagation Delay, 

DO to PAD 

1.66 

2.30 

2.94 

0.01 

tpHL 

mem 

1.97 

2.55 

0.01 

tpLZ 

Propagation Delay, 

EN to PAD 

mmm 

1.27 

1.27 

0.00 

tpZL 

1.17 

1.75 


0.01 

tpZH 

Propagation Delay, 

EN to PAD 

1IDS3I 


2.85 

0.01 

tpHZ 

■la 

1.59 

1.60 

0.00 

tr 

Output Rise Time, PAD 


1.70 

2.63 

0.02 

‘f 

Output Fall Time, PAD 

0.75 

1.46 

2.17 

0.01 


TTL SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

___ 

pF=0 

pF=50 

pF=100 

K (ns/pF) 


ON4TS2/BON4TS2 

tpLH 

Propagation Delay, 

DO to PAD 

1.15 

2.83 

4.50 

0.03 

tpHL 

1.26 

4.70 

8.15 

0.07 

tpLZ 

Propagation Delay, 

EN to PAD 

1.21 

1.22 

1.22 

0.00 

tpZL 

1.12 

4.66 

8.21 

0.07 

tpZH 

Propagation Delay, 

EN to PAD 

1.07 

2.76 

4.45 

0.03 

tpHZ 

1.07 

1.07 

1.08 

0.00 

tr 

Output Rise Time, PAD 

0.57 

5.72 

10.87 

0.10 

tf 

Output Fall Time, PAD 

0.45 

4.28 

8.11 

0.08 


ON8TS2/BOM8TS2 

tpLH 

Propagation Delay, 

DO to PAD 


1.90 

2.81 

0.02 

tpHL 

beoi 


5.46 

0.04 

tpLZ 

Propagation Delay, 

EN to PAD 

1.35 


1.36 

0.00 

tpZL 

1.26 

3.28 

5.31 

0.04 

tpZH 

Propagation Delay, 

EN to PAD 

1^1 

1.81 


0.02 

tpHZ 




0.00 

tr 

Output Rise Time, PAD 


3.71 


0.06 

tf 

Output Fall Time, PAD 

0.54 

3.62 

6.71 

0.06 
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0NnTS2 B0NnTS2 


MOTOROLA TECHNICAL DATA 


TTL SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/5 V 

pF=0 

pF=50 1 pF=100 

K(ns/pF) 

1 

ON16TS2/BON16TS2 | 

tpLH 

Propagation Delay, 

DO to PAD 

1.19 

1.86 

2.54 

0.01 

tpHL 

1.30 

2.70 

4.09 

0.03 

tpLZ 

Propagation Delay, 

EN to PAD 

1.17 

1.18 

1.18 

0.00 

tpZL 

1.09 

2.48 

3.88 

0.03 

tpZH 

Propagation Delay, 

EN to PAD 

1.08 

1.76 

2.43 

0.01 

Vhz 

1.09 

1.09 

1.10 

0.00 

tr 

Output Rise Time, PAD 

0.55 

2.62 

4.70 

0.04 

tf 

Output Fall Time, PAD 

0.42 

2.19 

3.95 

0.04 


ON32TS2/BON32TS2 | 

tpLH 

Propagation Delay, 

DO to PAD 

1.46 

1.87 

2.29 

0.01 

tpHL 

1.62 

2.37 

3.12 

0.01 

tpLZ 

Propagation Delay, 

EN to PAD 

1.56 

1.56 

1.57 

0.00 

tpZL 

1.48 

2.23 

2.98 

0.01 

tpZH 

Propagation Delay, 

EN to PAD 

1.33 

1.75 

2.16 

0.01 

tpHZ 

1.34 

1.34 

1.35 

0.00 

tr 

Output Rise Time, PAD 

0.76 

1.70 

2.63 

0.02 

‘f 

Output Fall Time, PAD 

0.75 

1.46 

2.17 

0.01 


NOTE: 

The H4CPIUS Series user has the option to configure outputs with slew rate control to slow down the output edge rates of signals 
going off-chip. This feature helps to decrease system noise and overshoot/undershoot of the output signals caused by fast rise 
or fall times. The S2 option has up to 10% reduction in slew rate. 
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ONnOD/BONnOD ONLnOD/BONLnOD 

MOTOROLA TECHNICAL DATA 


Open-drain Outputs and 5/5 V ONnOD/BONnOD 

Bidirectional Outputs 3.3/3.3 V ONLnOD/BONLnOD 

(3.3 V and 5 V System/core Voltage) n=4, 8,16 or 32 



ONnOD/ONLnOD 
DO. 


BONnOD / BONLnOD 


XXX 

PAD 


XXX 

PAD 


BIG 


MACRO 

OUTPUT CAP. 

0N20D/0N40D/0NL40D/0N80D/ 
ONL80D/ON160D/0NL160D/ 
B0N40D/B0NL40D/B0N80D/ 
B0NL80D/B0N160D/B0NL160D 

PAD: 4.96pF 

ON320D,BON320D 

PAD: 7.92pF 


Function Table 


DO 

PAD 

L 

L 

H 

Z 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1 .OOns) TJ= 25.Q°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

pF=0 

pF=50 

pF=100 

K(ns/pF) 

pF=0 

pF=50 

pF=100 

K (ns/pF) 


ON20D 





tpLZ 

Propagation Delay, 

0.35 

0.35 

0.36 

0.00 





tpZL 

DO to PAD 

0.34 

6.61 

12.88 

0.13 


N/A 


tr 

Output Rise Time, PAD 

0.00 

0.01 

0.01 

0.00 





tf 

Output Fall Time, PAD 

0.29 

15.45 

30.62 

0.30 






ON40D 

ONL40D 

tpLZ 

Propagation Delay, 

0.47 

0.47 

0.48 

0.00 


IHH^H 

0.60 

0.00 

^PZL 

DO to PAD 

0.46 

2.66 

4.86 

0.04 


KiQI 

5.52 

0.05 

tr 

Output Rise Time, PAD 

0.00 

0.01 

0.01 

0.00 


0.01 

IQSQII 

0.00 

tf 

Output Fall Time, PAD 

0.36 

4.37 

8.37 

0.08 


6.01 


0.10 


0N80D/B0N80D 


tpLZ 

Propagation Delay, 

0.40 

0.40 

0.41 

0.00 


UlsIB 


0.00 

tpZL 

DO to PAD 

0.40 

2.05 

3.70 

0.03 

0.67 


3.85 


'r 

Output Rise Time, PAD 

0.00 

0.01 

0.01 

0.00 

0.00 

KEIH 

0.01 

0.00 

tf 

Output Fall Time, PAD 

0.37 

2.91 

5.45 

0.05 

1.10 

3.80 

6.50 

0.05 
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ONnOD/BONnOD ONLnOD/BONLnOD 


MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

pF=0 

pF=50 

pF=100 

K(ns/pF) 

pF=0 

pF=50 

pF=100 

K(ns/pF) 


0N160D/B0N160D 

0NL160D/B0NL160D 

^PLZ 

Propagation Delay, 

DO to PAD 

0.39 

0.40 

0.40 

0.00 

0.62 

0.63 

0.63 

0.00 

tpZL 

0.39 

1.28 

2.17 

0.02 

0.66 

1.80 

2.94 

0.02 

tr 

Output Rise Time, PAD 

0.00 

0.01 

0.01 

0.00 

0.00 

0.01 

0.01 

0.00 

tf 

Output Fall Time, PAD 

0.38 

2.04 

3.70 

0.03 

1.35 

2.73 

4.11 

0.03 


0N320D/B0N320D 

N/A 

tpLZ 

Propagation Delay, 

DO to PAD 

0.39 

0.39 

0.40 

0.00 

VZL 

0.39 

0.96 

1.54 

0.01 

tr 

Output Rise Time, PAD 

0.00 

0.01 

0.01 

0.00 

tf 

Output Fall Time, PAD 

0.78 

1.41 

2.03 

0.01 


TTL SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

pF=0 

pF=50 

pF=100 

K (ns/pF) 

pF=0 

pF=50 

pF=100 

K (ns/pF) 1 


ON20D 

N/A 

tpLZ 

Propagation Delay, 

DO to PAD 

0.42 

0.43 

0.43 

0.00 

tpZL 

0.42 

10.62 

20.81 

0.20 

tr 

Output Rise Time, PAD 

0.00 

0.01 

0.01 

0.00 

tf 

Output Fall Time, PAD 

0.29 

15.45 

30.62 

0.30 


ON40D 

ONL40D 

tpi_z 

Propagation Delay, 

DO to PAD 

0.54 

0.55 

0.55 

0.00 

0.82 

0.83 

0.83 

0.00 

tpZL 

0.54 

3.86 

7.18 

0.07 

0.92 

3.79 

6.66 

0.06 

tr 

Output Rise Time, PAD 

0.00 

0.01 

0.01 

0.00 

0.00 

0.01 

0.01 

0.00 

tf 

Output Fall Time, PAD 

0.36 

4.37 

8.37 

0.08 

0.77 

6.01 

11.25 

0.10 


0N80D/B0N80D 

0NL80D/B0NL80D | 

tpLZ 

Propagation Delay, 

DO to PAD 

0.49 

0.50 

0.50 

0.00 

0.56 

0.57 

0.57 

0.00 

tpZL 

0.49 

2.80 

5.11 

0.05 

0.76 

2.66 

4.56 

0.04 

tr 

Output Rise Time, PAD 

0.00 

0.01 

0.01 

0.00 

0.00 

0.01 

0.01 

0.00 

tf 

Output Fall Time, PAD 

0.37 

2.91 

5.45 

0.05 

1.10 

3.80 

6.50 

0.05 


0N160D/B0N160D 

0NL160D/B0NL160D 

tpLZ 

Propagation Delay, 

DO to PAD 

0.49 

0.49 

0.50 

0.00 

0.59 

0.60 

0.60 

0.00 

tpZL 

0.49 

1.77 

3.06 

0.03 

0.74 

2.09 

3.44 

0.03 

tr 

Output Rise Time, PAD 

0.00 

0.01 

0.01 

0.00 

0.00 

0.01 

0.01 

0.00 

tf 

Output Fall Time, PAD 

0.38 

2.04 

3.70 

0.03 

1.35 

2.73 

4.11 

0.03 


0N320D/B0N320D 

N/A 

tpLZ 

Propagation Delay, 

DO to PAD 

0.43 

0.43 

0.44 

0.00 

tpZL 

0.52 

1.31 

2.11 

0.02 

tr 

Output Rise Time, PAD 

0.00 

0.01 

0.01 

0.00 

tf 

Output Fall Time, PAD 

0.78 

1.41 

2.03 

0.01 
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OSCPB/OSCPBL OSCPHB/OSCPHBL OSCPSB/OSCPSBL 

MOTOROLA TECHNICAL DATA 


Oscillator W/ Non-Inverting Input 5/5 V 
Oscillator W/ Clock Buffer Input 3.3V/3.3V 

Oscillator W/ Schmitt Trigger Input 
(3 V and 5 V System/Core Voltage) 


OSCPB/OSCPBL 

OSCPHB/OSCPHBL 

OSCPSB/OSCPSBL 



Function Table 


PADI 

PADO 

Dl 

L 

H 

H 

H 

L 

L 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominai) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

FO=0 

FO=2 

FO=8 

K (ns/pF) 


OSCPB 

OSCPBL 

Vlh 

Propagation Delay, 

PADO to Dl 

0.33 

0.34 

0.37 

0.09 

0.46 

0.47 

0.51 

0.13 

tpHL 

0.36 

0.37 

0.41 

0.14 

0.52 

0.54 

0.59 

0.17 

tr 

Output Rise Time, Dl 

0.05 

0.08 

0.16 

0.27 

0.08 

0.11 

0.23 

0.38 

tf 

Output Fall Time, Dl 

0.04 

0.06 

0.13 

0.22 

0.05 

0.08 

0.16 

0.27 


OSCPHB 

OSCPHBL 

tpLH 

Propagation Delay, 

PADO to Dl 

0.29 

0.29 

0.30 

0.03 

0.41 

0.41 

0.43 

0.05 

tpHL 

0.40 

0.41 

0.43 

0.06 

0.53 

0.54 

0.56 

0.08 

tr 

Output Rise Time, Dl 

0.07 

0.08 

0.11 

0.10 

0.10 

0.11 

0.16 

0.14 

tf 

Output Fall Time, Dl 

0.07 

0.08 

0.11 

0.10 

0.09 

0.10 

0.14 

0.12 


OSCPSB 

OSCPSBL 

tpLH 

Propagation Delay, 

PADO to Dl 

0.73 

0.73 

0.75 

0.03 

1.00 

1.01 

1.02 

0.05 

tpHL 

0.99 

1.00 

1.02 

0.06 

1.38 

1.39 

1.41 

0.08 

tr 

Output Rise Time, Dl 

0.07 

0.08 

0.11 

0.10 

0.10 

0.11 

0.15 

0.14 

tf 

Output Fall Time, Dl 

0.07 

0.08 

0.11 

0.10 

0.09 

0.10 

0.14 

0.12 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

pF=0 

pF=50 

pF=:100 

K (ns/pF) 

pF=0 

pF=50 

pFsIOO 

K (ns/pF) 


OSCPB 

OSCPBL 

tpLH 

Propagation Delay, 

PADI to PADO 

0.41 

3.33 

6.24 

0.06 

0.48 

3.99 

7.51 

0.07 

tpHL 

0.38 

2.60 

4.82 

0.04 

0.46 

3.62 

6.78 

0.06 

tr 

Output Rise Time, PADO 

0.16 

5.17 

10.18 

0.10 

0.21 

7.18 

14.15 

0.14 

tf 

Output Fall Time, PADO 

0.41 

3.33 

6.24 

0.06 

0.18 

6.99 

13.81 

0.14 


Capacitance per fanout = 0.05 pF (metal capacitance is not Included). 
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OSCPB/OSCPBL OSCPHB/OSCPHBL OSCPSB/OSCPSBL 

MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

pF=0 

pF=50 

pF=:100 

K (ns/pF) 

pF=0 

pF=50 

pF=100 

K (ns/pF) 


OSCPHB 

OSCPHBL 

tpLH 

Propagation Delay, 

PADI to PADO 

0.42 

3.05 

5.69 

0.05 

0.48 

3.66 

6.84 

0.06 

tpHL 

0.40 

2.62 

4.84 

0.04 

0.47 

3.63 

6.79 

0.06 

tr 

Output Rise Time, PADO 

0.18 

5.19 

10.20 

0.10 

0.23 

7.20 

14.17 

0.14 

tf 

Output Fall Time, PADO 

0.15 

5.18 

10.21 

0.10 

0.19 

6.34 

12.49 

0.12 


OSCPSB 

OSCPSBL 

tpLH 

Propagation Delay, 

PADI to PADO 



IBM 

0.05 



6.84 

0.06 

tpHL 




0.04 



6.79 

0.06 

tr 

Output Rise Time, PADO 

0.17 



0.10 

0.22 

7.19 


0.14 

tf 

Output Fall Time, PADO 

0.14 

5.17 


0.10 

0.17 

6.33 


0.12 


Capacitance per fanout = 0.05 pF (meta 


capacitance is not included). 


FUNCTIONAL DIAGRAM: OSCPB 
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PUL PDL 


MOTOROLA TECHNICAL DATA 


Pull-Up Resistors / 
Pull-Down Resistors 


PUL 

PDL 



The Pull-up and Pull-down resistors are used to attach to any of the input macros. Their main purpose is to keep the inputs from 
floating to an illegal state when they are not being driven. These resistors are not meant to replace external pull-up and pull-down 
resistors which are attached to a 3-state bus, or open-drain 3-state bus. 

The low current option offered is used when a slower pull is desired, or when power dissipation and (standby current) need 
to be kept to a minimum. For exact breakdown of typical currents at different temperatures please see Section 8 “H4CPIus DC 
ELECTRICAL CHARACTERISTICS” on page 1 of that section. 
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ICMD BICMD ILCMD 


MOTOROLA TECHNICAL DATA 


Section 7.2 Special Input/Output/Bidirectionals Macros 
7.2.1 CMTL 

CMTL Differential Input and 5/5 V ICMD 

Bidirectional Input 3/3 V BICMD 

(3.3 V and 5 V System/Core Voltage) ILCMD 


MACRO 

SECTIONS USED 

ICMD/ILCMD 

1/0 

BICMD 

1/0 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

ICMD/ILCMD 

Dl / PAD,PAD2,IC,lC2 

BICMD 

Dl / BC,BC2 


MACRO 

INPUT CAP. 


PAD,PAD2: 5.06pF 

BICMD 

BC,BC2; 0.130F 


Function Table 


PAD/BC 

PAD2/BC2 

Dl 

L 

H 

L 

H 

L 

H 

L 

L 

ND 

H 

H 

ND 


ND = Not Defined 


ICMD / ILCMD 




BC 


CMTL SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are In ns. _ Rev. 1.07 


Sym 

Parameter 

5/5 V 

FO=0 

FO=:2 

FOsS K (ns/pF) 

ICMD/BICMD 

Vlh 

Propagation Deiay, 

PAD,PAD2 to Dl 



0.93 

0.11 

Vhl 

0.83 

0.85 

0.89 

0.15 

‘r 

Output Rise Time, Dl 

0.08 

0.08 

0.10 

0.04 

_!i_ 

Output Fall Time, Dl 

0.05 

0.06 

0.10 



CMTL SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. _ Rev. 1.07 


Sym 

Parameter 

3.3/3.3 V 

FO=0 

FO=2 

FO=8 

K (na/pF) 

ILCMD 

tpLH 

Propagation Delay, 

PAD,PAD2 to Dl 

1.22 

1.24 

1.29 

0.17 

Vhl 

1.27 

1.29 

1.34 

0.19 

‘r 

Output Rise Time, Dl 

0.09 

0.10 

0.14 

0.13 

_!l__ 

Output Fall Time, Dl 

0.09 

0.11 

0.16 

0.16 
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OD32TCMT BOD32TCMT 


MOTOROLA TECHNICAL DATA 


CMTL Differential Output and Bidirectionai 5/5 V OD32TCMT 

Output with Active Termination BOD32TCMT 

(5 V System/Core Voitage) 


Function Table 


DO 

EN 

PAD 

PAD2 

L 

L 

Z 

Z 

L 

H 

L 

H 

H 

L 

Z 

Z 

H 

H 

H 

L 


MACRO 

SECTIONS USED 

OD32TCMT 

0/1 

BOD32TCMT 

0/1 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

OD32TCMT 

PAD,PAD2/DO,EN 

BOD32TCMT 

BIC,BIC2/DO,EN 


MACRO 

INPUT CAP. 

All 

DO: 0.44pF 

EN: 0.24pF 


MACRO 

OUTPUT CAP. 

All 

PAD,PAD2: 4.96pF 


OD32TCMT 


DO- 




XXX 

PAD 


XXX 

PAD2 


EN 


DO 


BIC 1 


BOD32TCMT 


^ ' 



I 


X 


EN 


XXX 

PAD 


XXX 

PAD2 


CMTL SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. _ Rev. 1.07 


Sym 

Parameter 

5/5 V 

pF=0 

pF=50 

pF=100 

K (ne/pF) 

OD32TCMT/BOD32TCMT 

Vlh 

Propagation Delay, 

DO to PAD 

0.51 

2.54 

4.58 

0.04 

fpHL 

0.61 

1.86 

3.12 

0.03 

tpLH 

Propagation Delay, 

DO to PAD2 

0.63 

1.89 

3.14 

0.03 

tpHL 

0.48 

2.51 

4.55 

0.04 

^PLZ 

Propagation Delay, 

EN to PAD 

0.53 

0.54 

0.54 

0.00 

tpZL 

1.00 

2.25 

3.51 

0.03 

-VZH 

Propagation Delay, 

EN to PAD,PAD2 

1.40 

3.43 

5.47 

0.04 

tpHZ 

0.54 

0.55 

0.55 

0.00 

^PLZ 

Propagation Delay, 

EN to PAD2 

0.56 

0.57 

0.57 

0.00 

fpZL 

1.00 

2.25 

3.51 

0.03 

tr 

Output Rise Time, PAD 

0.91 

2.96 

5.00 

0.04 

»f 

Output Fall Time, PAD 

0.54 

4.73 

8.92 

0.08 

tr 

Output Rise Time, PAD2 

0.89 

2.97 

5.04 

0.04 

tf 

Output Fall Time, PAD2 

0.65 

5.01 

9.38 

0.09 
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ODX32CM 


MOTOROLA TECHNICAL DATA 


CMTL Differential Output 5/3.3 V ODX32CM 

(5 V System/ 3.3 V Core Voltage) 


Function Table 


DO 

PAD 

PAD2 

L 

L 

H 

H 

H 

L 


MACRO 

SECTIONS USED 

ODX32CM 

0/1 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

ODX32CM 

PAD,PAD2/DO 


MACRO 

INPUT CAP. 

ODX32CM 

DO; 0.65pF 


MACRO 

OUTPUT CAP. 

ODX32CM 

PAD,PAD2: 4.96pF 



XXX 

PAD 


XXX 

PAD2 


CMTL SWITCHING CHARACTERISTiCS (Input Edge Rate tr,tt=1 OOns)_Rev. 1.07 


Sym 

Parameter 

5/3.3 V 

pF=0 

pF=50 

pF:=100 

K (ns/pF) 

ODX32CM 

Bsni 

Propagation Deiay, 

DO to PAD 

1.30 

2.08 

2.87 

0.02 

■m 

1.28 

2.05 


0.02 

■m 

Propagation Delay, 

DO to PAD2 

1.14 

1.90 



■m 

1.19 

1.94 

2.69 

0.01 

‘r 


0.39 

3.14 

5.90 

0.06 

.. tt 

Output Fall Time, PAD 

0.58 


4.49 

0.04 

tr 


0.23 

2.96 

5.68 

0.05 

tf 

Output Fall Time, PAD2 

0.47 

2.40 

4.32 

0.04 
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OD32CMT ODLX32CMT ODL32CMT 


MOTOROLA TECHNICAL DATA 


CMTL 3-State Differential Output 
(3.3 V and 5 V System/Core Voltage) 


MACRO 

SECTIONS USED 

All 

0/1 


Function Table 


DO 

PAD 

PAD2 

L 

L 

H 

H 

H 

L 


MACRO 

OUTPUTS/INPUTS 

All 

PAD,PAD2/DO,EN 


MACRO 

INPUT CAP. 

All 

DO: 0.44pF 

EN: 0.24pF 


MACRO 

OUTPUT CAP. 

All 

PAD,PAD2: 4.96pF 


5/5 V OD32CMT 

3.3/5 V ODLX32CMT 

3.3/3.3 V ODL32CMT 



XXX 

PAD 


XXX 

PAD2 


OD32CMT / ODLX32CMT / ODL32CMT 


CMTL SWITCHING CHARACTERISTICS (Input Edge Rate t^tpLOOns)_Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

pF=0 

pF=50 

pF=100 

K (ns/pF) 

pF=0 

pF=50 

pF=100 

K (ns/pF) 


OD32CMT 

ODLX32CMT 




1.34 

2.05 

0.01 

0-72 

1.69 


0.02 

■m 


jjgEStk 


0.01 




0.02 

■9I!B 

Propagation Delay, 

DO to PAD2 




0.01 



BliU 

0.02 

■m 




0.01 

1.08 

2.01 


0.02 

■m 

Propagation Delay, 

EN to PAD 



0.47 

0.00 

0.52 

0.53 

0.53 

0.00 

msm 


1.81 


0.01 

1.45 


3.87 

0.02 

■in 

Propagation Delay, 

EN to PAD,PAD2 


iWcM 


0.01 


3.48 

4.65 

0.02 

■m 


TilRJl 

0.47 

0.00 

KIS3I 

0.64 


0.00 

iBm 

Propagation Delay, 

EN to PAD2 

0.48 


0.49 

0.00 


0.60 

0.61 

0.00 

iHin 


1.81 



1.45 



0.02 

tr 




b&b 


1.75 

3.80 

5.84 

0.04 

tf 


0.62 



0.03 

0.91 

2.84 

4.78 

0.04 

'r 

Output Rise Time, PAD2 

1.35 




1.97 

3.93 

5.88 

moQQiiii 

__ 

Output Fall Time, PAD2 

0.76 


■sni 


0.87 

3.36 

5.84 
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OD32CMT ODLX32CMT ODL32CMT 

MOTOROLA TECHNICAL DATA 


CMTL SWITCHING CHARACTERISTICS (Input Edge Rate tr,tf=1 OOns) Rev. 1 .07 
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032CM 


MOTOROLA TECHNICAL DATA 


CMTL Output 5/5 V 032CM 

(5 V System/Core Voltage) 



Function Table 


DO 

PAD 

L 

L 

H 

H 


032CM 



XXX 

PAD 


CMTL SWITCHING CHARACTERISTICS (Input Edge Rate tptf=1 OOns)_Rev. 1.07 


Sym 

Parameter 

5/3.3 V 

pF=0 

pF=50 

pF=100 

K (ns/pF) 

032CIVI 

Vlh 

Propagation Delay, 

DO to PAD 

0.51 

1.17 

1.82 

0.01 

¥hl 

0.45 

1.24 

2.04 

0.02 

tr 

Output Rise Time, PAD 

1.36 

2.78 

4.21 

0.03 

_ 

Output Fall Time, PAD 

0.75 

2.30 

3.85 

0.03 
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IGIILGI 


MOTOROLA TECHNICAL DATA 


7.2.2 GTL 

Inverting GTL Input 5/5 V 

(3.3 V and 5 V System/Core Voltage) 3.3/3,3 V 


IGI 

ILGI 


Function Table 


PAD 

Di 

L 

H 

H 

L 



XXX 

PAD 



IGI/ILGI 



GTL SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

FO=0 

FO=2 

FO=8 

K (ns/pF) 


IGI 

ILGI 

IBilfl 

Propagation Delay, 

PAD to DI 

■ESI 

UsSI 

1.04 

0.10 

1.34 


MWSM 

0.15 

■UMI 




0.16 

1.34 

■1^1 

MVfM 

0.20 

‘r 

Output Rise Time, DI 



0.23 


0.15 

0.18 


0.35 

..h . 

Output Fall Time, DI 



0.23 

0.19 

0.17 

0.19 

0.27 

0.25 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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IGN/BIGN ILGN/BILGN 


MOTOROLA TECHNICAL DATA 


Non-Inverting GTL Input and 5/5 V IGN/BIGN 

Bidirectional Input 3.3/3.3 V ILGN/BILGN 

(3.3 V and 5 V System/Core Voltage) 


Function Table 


PAD 

Di 

L 

L 

H 

H 


MACRO 

SECTIONS USED 

IGN/ILGN 

1/0 

BIGN/BILGN 

1/0 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

IGN/ILGN 

Dl / PAD 

BIGN/BILGN 

DI/BC 


MACRO 

INPUT CAP. 

IGN/ILGN 

PAD: 5.06pF 

BIGN/BILGN 

BCiO.IOpF 


IGN / ILGN 



BC 




Dl 


GTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

FO=0 

FO=2 

FOnS 

K (ns/pF) 

FO=0 

FO=2 

FO=8 

K (ns/pF) 


IGN/BIGN 

ILGN/BILGN 

Vlh 

Propagation Delay, 

PAD to Dl 

0.95 

0.96 

0.99 

0.11 

1.32 


BEEI 

0.15 

■m 

0.90 

0.92 

0.97 

0.15 

1.26 

mm 

■ESI 

0.20 

»r 

Output Rise Time, Dl 

0.13 



0.24 

0.15 



0.35 

_Jl_ 

Output Fall Time, Dl 

0.15 

0.17 

0.23 

0.19 

0.18 


acwM 

0.24 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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ON20G BON40G ONL20G BONL40G 



MOTOROLA TECHNICAL DATA 


GTL Output and Bidirectional Output 5/5 V ON20G 

(3.3 V and 5 V System/Core Voltage) 3.3/3.3 V BON40G 

ONL20G 

BONL40G 


MACRO 

SECTIONS USED 

ON20G/ONL20G 

0/1 

BON40G/BONL40G 

0/1 


Rev. 1.07 


MACRO 

OUTPUTSANPUTS 

ON20G/ONL20G 

PAD/DO 

BON40G/BONL40G 

BIG/DO 


MACRO 

INPUT CAP. 

ON20G/ONL20G 

DO: 0.62pF 

BON40G/BONL40G 

DO:1.09pF 


MACRO 

OUTPUT CAP. 

ON20G/ONL20G 

PAD: 4.96pF 

BON40G/BONL40G 

PAD: 4.96pF 


Function Table 



XXX 

PAD 


XXX 

PAD 


GTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

pF=:0 

pF=50 

pF=100 

K (ns/pF) 

pF=0 

pF=50 

pFsIOO 

K (ns/pF) 



ON20G 

ONL20G 

tpLH 

Propagation Delay, 

DO to PAD 

0.30 

2.61 

4.93 

0.05 

1 0.36 

2.59 

4.82 

0.04 

tpHL 

0.25 

0.80 

1.35 

0.01 


Uyi 

1.95 

0.02 

tr 

Output Rise Time, PAD 

0.11 


10.76 

0.11 


IfSSI 

10.75 


. tf 

Output Fall Time, PAD 

0.35 

■im 

1.92 








BON40G 

BONL40G 

Vlh 

Propagation Delay, 

DO to PAD 



2.55 

0.02 


1.53 

2.60 

■an 

Vhl 



0.95 



BiliW 

1.40 

0.01 

tr 

Output Rise Time, PAD 

0.13 


5.37 

0.05 



5.56 

0.05 

tf 

Output Fall Time, PAD 

0.33 

0.75 

1.18 

0.01 

1 0.58 

1.12 

1.65 

0.01 


Note: 

The GTL Output Switching Characteristics are specified with a pull-up resistor to 1.2 V. 
ON20G and ONL20G use 50 Ohms 
BON40G and BONL40G use 25 Ohms 
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IPD IPXD ILPD 


MOTOROLA TECHNICAL DATA 


7.2.3 PECL 

PECL Differential Input 

(3.3 V and 5 V System/Core Voltage) 


5/5 V 
5/3.3 V 
3.3/3.3 V 


IPD 

IPXD 

ILPD 



Function Table 


PAD 

PAD2 

Dl 

L 

L 

ND 

L 

H 

L 

H 

L 

H 

H 

H 

ND 


ND = Not Defined 



PECL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) ail units are in ns._ Rev. 1.07 


Sym 

Parameter 

5/5 V 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

IPD 

Vlh 

Propagation Delay, 

PAD,PAD2 to Dl 


Wlrlf 

0.78 

0.11 

tpHL 



0.81 

0.15 

. tr 

Output Rise Time, Dl 

0.13 

0.16 

0.23 

0.24 

_ k _ 

Output Fall Time, Dl 

0.12 

0.14 

0.20 

0.20 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


PECL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) ail units are in ns. 



Parameter 

5/3.3 V 

3.3/3.3 V 




pF=0 

pF=50 

pF=100 

K (ns/pF) 


IPXD 

ILPD 

HllllliDl^ 

Propagation Delay, 

PAD,PAD2 to Dl 

0.92 

0.93 


0.14 ! 

0.93 

0.94 

0.99 

0.14 

tpHL 

0.93 

0.95 



1.01 

1.03 

1.09 

0.18 

tr 

Output Rise Time, Dl 

0.14 

0.17 

0.28 

0.36 



0.31 

0.37 

_ k _ 

Output Fall Time, Dl 

0.14 

0.17 

0.24 

0.25 

loiF" 

0.20 

0.28 

0.26 
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IPCH ILPC/ILPCH/BILPC 


MOTOROLA TECHNICAL DATA 


7.2.4 PCI 

PCI Input and Bidirectional Input 
(3.3 V and 5 V System/Core Voltage) 


5/5 V IPCH 

3.3/3.3 V ILPC/ILPCH/BILPC 



Function Table 


PAD 

Dl 

L 

L 

H 

H 


XXX 

PAD 


XXX 

PAD 


ILPC 



BC 


PCI SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

FO=0 



K(ns/pF) 

FO=0 

FO=25 

FO=50 

K (ns/pF) 


IPCH 

ILPCH 

'PLH 

Propagation Delay, 

PAD to Dl 

0.29 

0.33 

0.38 

0.04 

0.37 

0.45 

0.53 

0.06 

_ Vhl 

0.51 

0.60 

0.69 

0.07 

0.51 


KOI 

0.10 

tr 

Output Rise Time, Dl 

0.11 




0.11 



WEsm 

_L_ 

Output Fall Time, Dl 

0.18 

EEDi 



0.17 

0.31 

B»BM 

wEsm 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


PCI SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

3.3/3.3 V 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

ILPC/BILPC 

Vlh 

Propagation Delay, 

PAD to Dl 

0.45 


0.51 

0.15 

Vhl 



0.83 

0.22 

‘r 

Output Rise Time, Dl 

■331 

0.19 

0.29 

0.35 

tf 

Output Fall Time, Dl 

0.26 

0.28 

0.36 

0.24 


Capacitance per fanout = 0.05 pF (metal capacitance Is not included). 
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ONPC ONLPC 


MOTOROLA TECHNICAL DATA 


PCI Output 5/5 V ONPC 

(3-3 V and 5 V System/Core Voltage) 3.3/3.3 ONLPC 


Function Table 


DO 

PAD 

L 

L 

H 

H 



ONPC/ONLPC 



PCI SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. _ Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

pF=0 

pF=50 

pF=100 

K (ns/pF) 

pF=0 

pF=50 

pF=100 

K(ns/pF) 


ONPC 

ONLPC 

tpLH 

Propagation Delay, 

fEEM 

1.25 

eesi 

0.02 

1 0.69 

1.64 

2.59 

0.02 

tpHL 

DO to PAD 

mgm 


UjcHI 

0.03 



3.42 

0.02 

‘r 

Output Rise Time, PAD 

0.33 

3.74 

7.15 

0.07 

0.53 

2.87 

5.21 

0.05 

_!!_ 

Output Fall Time, PAD 

0.48 

1.91 

3.35 

0.03 

0.57 

2.31 

4.04 

0.03 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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ONTPC/BONTPC ONLTPC/BONLTPC 


MOTOROLA TECHNICAL DATA 


PCI 3-State Output and 5/5 V ONTPC/BONTPC 

Bidirectional Output 3.3/3.3V ONLTPC/BONLTPC 

(3.3 V and 5 V System/Core Voltage) 


MACRO 

SECTIONS USED 

ALL 

0/1 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

ONTPC/ONLTPC 

PAD/DO.EN 

BONTPC/BONLTPC 

BIC/DO.EN 


MACRO 

INPUT CAP. 

ALL 

DO,EN: 0.24pF 


MACRO 

OUTPUT CAP. 

ONTPC.BONTPC 

PAD: 5.10pF 

ONLTPC30NLTPC 

PAD: 5.76pF 


Function Table 


DO 

EN 

PAD 

L 

H 

L 

H 

H 

H 

X 

L 

Z 


ONTPC/ONLTPC 



BONTPC/BONLTPC 



EN BIC 


PCI SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

pF=0 




pF=:0 

pF=50 

pF=100 

K(ns/pF) 


ONTPC/BONTPC 

ONLTPC/BONLTPC 

Vlh 

Propagation Delay, 

DO to PAD 

0.74 


2.58 

0.02 

1.34 

2.29 

3.24 

0.02 

tpHL 

1.03 

2.62 


0.03 

1.55 

2.80 

4.05 

0.02 

Vlz 

Propagation Delay, 

EN to PAD 

0.90 



wmm 

HM 



WEEm 

Vzl 

0.81 



msm 


keu 


nai 

tpZH 

Propagation Delay, 

EN to PAD 

0.62 



msm 

■ES 

e-JAB 


0.02 

tpHZ 

0.61 

0.62 

0.62 

0.00 

■E9 



0.00 

tr 

Output Rise Time, PAD 

0.33 



■^31 



BL^BI 


_k_ 



MEM 




2.32 

■E9 

0.03 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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ICMDJ 


MOTOROLA TECHNICAL DATA 


7.2.5 CMTL-JTAG 


CMTL Differential Input and 5/5 V ICMDJ 

Bidirectional Input -JTAG 

(3.3 V and 5 V System/Core Voltage) 



Function Table 


PAD/BC 

PAD2/BC2 

Dl 

L 

H 

L 

H 

L 

H 

L 

L 

ND 

H 

H 

ND 


ND = Not Defined 



XXX XXX 

PAD2 PAD 


CMTL SWITCHING CHARACTERISTICS 


(input Edge Rate tr,tf=1.00ns) TJ= 25.0*^C (Nominal) ail units are in ns._ Rev. 1.07 


Sym 

Parameter 

5/5 V 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

ICMDJ 

tpLH 

Propagation Delay, 

CKDR to TDO 

0.70 

0.70 

0.70 

0.00 

tpHL 

0.72 

0.72 

0.72 

0.00 

Vlh 

Propagation Delay, 

IMG toD 

0.76 

0.78 

0.85 

0.21 

^PHL 

0.51 

0.52 

0.56 

0.14 

Vlh 

Propagation Delay, 

PAD,PAD2 to Dl 

0.97 

0.99 

1.02 

0.12 

Vhl 

0.93 

0.95 

1.00 

0.18 

¥lh 

Propagation Delay, 

TDO to Dl 

0.76 

0.78 

0.82 

0.13 

Vhl 

0.85 

0.87 

0.93 

0.21 

Vlh 

Propagation Delay, 

UDDR to Dl 

0.88 

0.89 

0.93 

0.13 

Vhl 

1.02 

1.04 

1.11 

0.21 

_ _ »r 

Output Rise Time, Dl 

0.19 

0.22 

0.29 

0.23 

tf 

Output Fall Time, Dl 

0.21 

0.23 

0.30 

0.22 

tr 

Output Rise Time, TDO 

0.63 

0.63 

0.63 

0.00 

_!l_ 

Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 
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OD32TCMTJ 


MOTOROLA TECHNICAL DATA 


CMTL Differential Output 
with Active Termination -JTAG 
(5 V System/Core Voitage) 


5/5 V 


OD32TCMTJ 


MACRO 

SECTIONS USED 

OD32TCMTJ 

0/1 


Function Table 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

OD32TCMTJ 

PAD,PAD2,TDO / 
DO,EN,CKDR,UDDR.SHDR, 
TDI.OMC 


DO 

EN 

PAD 

PAD2 

L 

L 

Z 

Z 

L 

H 

L 

H 

H 

L 

Z 

Z 

H 

H 

H 

L 


MACRO 

INPUT CAP. 

OD32TCMTJ 

CKDR.TDI: 0.04pF 

DO: 0.35pF 

EN: 0.24pF 
OMC,SHDR: 0.1 OpF 
UDDR: O.OSpF 


OD32TCMTJ 


MACRO 

OUTPUT CAP. 

OD32TCMTJ 

PAD,PAD2: 4.96pF 



XXX 

PAD2 


CMTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

pF=:0 

pF=50 

pF=100 

K (ns/pF) 

OD32TCMTJ | 

'PLH 

Propagation Delay, 

0.71 

0.71 

0.71 

0.00 

tpHL 

CKDR to TDO 

0.72 

0.72 

0.72 

0.00 

tpLH 

Propagation Delay, 

1.29 

2.14 

2.99 

0.02 

tpHL 

DO to PAD,PAD2 

1.25 

2.10 

2.95 

0.02 

tpLZ 

Propagation Delay, 

1.45 

1.45 

1.46 

0.00 

^PZL 

EN to PAD 

1.53 

2.38 

3.23 

0.02 

tpZH 

Propagation Delay, 

1.53 

2.38 

3.23 

0.02 

^PHZ 

EN to PAD 

1.43 

1.43 

1.44 

0.00 

tpLZ 

Propagation Delay, 

1.26 

1.27 

1.27 

0.00 

VZL 

EN to PAD2 

1.35 

2.25 

3.15 

0.02 

tpZH 

Propagation Delay, 

1.66 

2.46 

3.26 

0.02 

tpHZ 

EN to PAD2 

1.56 

1.57 

1.57 

0.00 

^PLH 

Propagation Delay, 

1.55 

2.40 

3.25 

0.02 

tpHL 

OMC to PAD 

1.46 

2.31 

3.16 

0.02 

tpLH 

Propagation Delay, 

1.46 

2.31 

3.16 

0.02 

Vhl 

OMC to PAD2 

1.55 

2.40 

3.25 

0.02 

tpLH 

Propagation Delay, 

1.79 

2.64 

3.49 

0.02 

^PHL 

TDO to PAD 

1.68 

2.53 

3.38 

0.02 
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MOTOROLA TECHNICAL DATA 



CMTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


5/5 V 

Parameter ' 


Propagation Delay, 
TDO to PAD2 


Propagation Delay, 
UDDR to PAD 


Propagation Delay, 
UDDR to PAD2 


Output Rise Time, PAD 


Output Fall Time, PAD 


Output Rise Time, PAD2 


Output Fall Time, PAD2 


Output Rise Time, TDO 


Output Fall Time, TDO 


Rev. 1.07 




pF=100 

K (ns/pF) 

2.53 

3.38 

0.02 



0.02 

2.77 

3.62 

0.02 

2.70 

3.55 

0.02 

2.70 

3.55 

0.02 



0.62 

0.00 

0.41 

0.00 



CMTL TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


Rev. 1.07 




Hold Time, CKDR to TDI 


Pulse Width, CKDR(L) 


Pulse Width, CKDR(H) 
Pulse Width, UDDR(H) 



H4CPIUS Series Design Reference Guide 


MOTOROLA 

7-39 































































OD32CMTJ ODL32CMTJ 



MOTOROLA TECHNICAL DATA 


CMTL 3-State Differential Output -JTAG 5/5 V 
(3.3 V and 5 V System/Core Voltage) 3.3/3.3 V 


OD32CMTJ 

ODL32CMTJ 


MACRO 

SECTIONS USED 

Alt 

0/1 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

PAD.PAD2.TDO/ 

DO.EN.CKDR.UDDR.SHDR.TDI.OMC 


MACRO 

INPUT CAP. 

All 

CKDR.TDI: 0.04pF 

DO: 0.35pF 

EN: 0.24pF 

OMC.SHDR: 0.1 OpF 

UDDR: O.OSpF 


MACRO 

OUTPUT CAP. 

All 

PAD.PAD2; 4.96pF 


Function Table 


DO 

PAD 

PAD2 

L 

L 

H 

H 

H 

L 


OD32CMTJ 

ODL32CMTJ 



XXX XXX 

PAD2 PAD 


CMTL SWITCHING CHARACTERISTICS (Input Edge Rate tptf=1.00ns) _ Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

pF=0 

pFs:50 

pF=100 

K(ns/pF)! 

pF=0 

pF=50 

pF=100 

K(ns/pF) 


OD32CMTJ 

ODL32CMTJ 


Propagation Delay, 

CKDR to TDO 

0.71 

0.71 

0.71 

0.00 1 

1.04 

1.04 

1.04 

0.00 

■m 

0.72 

0.72 

mam 


1.01 

1.01 

1.01 

0.00 

msm 

Propagation Delay, 

DO to PAD 

1.26 

2.51 


0.03 

1.74 

3.99 


0.04 

— 

enR'M 

2.26 

3.21 

0.02 

2.00 

3.45 

4.90 

0.03 

HRH 

Propagation Delay, 

DO to PAD2 

IcM 

2.26 

JSS3M 

0.02 

2.00 

3.45 

4.90 

0.03 

_?PHL 

1.26 

2.51 



1.74 

3.99 

6.24 

0.04 

■PB 

Propagation Delay, 

EN to PAD 

1.44 

1.44 

1.45 

0.00 

1.90 

BE9 

1.91 


MSM 

1.52 

2.47 

3.42 

0.02 

1.98 


3.98 

0.02 


Propagation Delay, 

EN to PAD 

1.52 

2.47 

3.42 

0.02 

2.02 

mam 

mmm 

0.02 


1.41 

1.42 

1.42 

0.00 


■E3I 

■mi 

0.00 


Propagation Delay, 

EN to PAD2 

1.26 

1.27 

1,27 

0.00 

1.67 

enpnii 

1.68 

0.00 

WESM 

1.35 

2.40 

3.45 

0.02 

1.75 


3.85 

0.02 

ISM 

Propagation Delay, 

EN to PAD2 

1.64 

2.54 

3.44 

0.02 

2.21 

3.16 

4.11 

0.02 

HIPI 

■dush 

1.55 

1.55 

0.00 

2.11 

2.12 

2.12 

0.00 

■nn 

Propagation Delay, 

OMC to PAD 


2.77 

4.02 

0.03 

2.11 

4.36 

6.61 

0.04 

MSSM 

1.52 

1 

3.42 

0.02 

2.27 

3.72 

5.17 

0.03 
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MOTOROLA TECHNICAL DATA 


OD32CMTJ ODL32CMTJ 


CMTL SWITCHING CHARACTERISTICS (Input Edge Rate tptf=1.00ns) 

__ I 5/5 V 


Rev. 1.07 



Parameter 


Propagation Delay, 
CMC to PAD2 

Propagation Delay, 
TDO to PAD 


Propagation Delay, 
TDO to PAD2 


Propagation Delay, 
UDDR to PAD 


Propagation Delay, 
UDDR to PAD2 


Output Rise Time, PAD 


Output Fall Time, PAD 


Output Rise Time, PAD2 


Output Fall Time, PAD2 


Output Rise Time, TDO 


Output Fall Time, TDO 


3.3/3.3 V 


pF=100 K(ns/pF) 


pF=100 K(ns/pF) 



CMOS TIMING REQUIREMENTS (Input Edge Rate tr,tf=1 OOns) 


Rev. 1.07 


Parameter 


3.3/3.3 V 


Minimum Requirement | Minimum Requirement 
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MOTOROLA TECHNICAL DATA 


7.2.6 GTL 

Non-Inverting GTL Input 

(3.3 V and 5 V System/Core Voltage) 


MACRO 

SECTIONS USED 

IGNJ/ILGNJ 

1/0 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

IGNJ/ILGNJ 

Dl.TDO/ 

PAD.CKDR.UDDRJMC.SHDR.TDI 


MACRO 

INPUT CAP. 

IGNJ/ILGNJ 

CKDR,TDI: 0.04pF 
IMC.SHDR.UDDR: 0.1 OpF 

PAD; 5.06pF 


IGNJ 

5/5 V ILGNJ 

3.3/3.3 V 



XXX 

PAD 


GTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 

rr I r 5/5 V 



Sym Parameter -,-,- 

FO=0 FO=2 FO=8 


IGNJ 


0.70 


0.72 


0.85 


0.56 


0.80 








Output Rise Time, Dl 


tf Output Fall Time, Dl 


Output Rise Time, TDO 


Output Fall Time, TDO 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


K(ns/pF) 



Rev. 1.07 

3.3/3.3 V 

FO=2 I FO=8 |K(ns/pF) 


ILGNJ 



1.25 

1.33 

1.16 

1.21 

1.30 

1.39 


HE9il 



0.26 

0.36 

IHEESii 

0.45 

0.87 

0.87 

0.52 

0.52 
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IGNJ ILGNJ 


MOTOROLA TECHNICAL DATA 


GTL TIMING REQUIREMENTS (Input Edge Rate tptp1.00ns) Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

Minimum Requirement 

Minimum Requirement 


iGNJ 

ILGNJ 

^su 

Set Up Time, PAD to CKDR 

0.97 

1.52 

fsu 

Set Up Time, SHDR to CKDR 

0.31 

0.49 

tsu 

Set Up Time, TDI to CKDR 

0.13 

0.26 

th 

Hold Time, CKDR to PAD 

-0.41 

-0.78 

th 

Hold Time, CKDR to SHDR 

0.16 

0.23 

th 

Hold Time, CKDR to TDI 

0.31 

0.41 

tw 

Pulse Width, CKDR(L) 

0.45 

0.71 

‘w 

Pulse Width, CKDR(H) 

0.80 

1.20 

tw 

Pulse Width, UDDR(H) 

0.71 

1.01 


FUNCTIONAL DIAGRAM: IGNJ 


Dl 



PAD 


H4CPIUS Series Design Reference Guide 


MOTOROLA 

7-43 
















MOTOROLA TECHNICAL DATA 


Non-Inverting GTL Bidirectional Input BIGNJ 

(3.3 V and 5 V System/Core Voltage) BILGNJ 



Function Table 


PAD 

IP 

L 

H 

H 

L 



BIGNJ / BILGNJ 


GTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are In ns. 


Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

FO=0 

FO=2 

FO=8 

K(ns/pF) 

FO=0 

FO=2 

FO=8 

K (ns/pF) 


BIGNJ 

BILGNJ 

tpLH 

Propagation Delay, 

BC to IP 

0.80 

0.80 


0.00 

bsqi 

HKQII 

hkqh 

0.00 

tpHL 

0.93 



0.00 





tr 


0.57 

0.57^ 

0.57 

0.00 

0.75 


0.75 

0.00 

tf 

Output Fall Time, IP 

0.32 



0.00 

0.41 

0.41 

0.41 

0.00 


Capacitance per fanout = 0.05 pF (metal capacitance is not included) 


NOTE: 

Path delay from PAD to Dl In the bidirectional buffer will be non-inverted when used together with JTAG bidirectional output 
buffers. 
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ON20GJ BN40GJ ONL20GJ BNL40GJ 

MOTOROLA TECHNICAL DATA 


GTL Output and Bidirectional Output 5/5 V ON20GJ 

(3.3 V and 5 V System/Core Voltage) 3.3/3.3 V BN40GJ 

ONL20GJ 

BNL40GJ 



PAD PAD 


GTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

pF=0 

pF=50 

pF=:100 

K (ns/pF) 

pF=0 

pF=50 

pF=:100 

K (ns/pF) 


ON20GJ 

ONL20GJ 


Propagation Delay, 




0.00 

1.04 

1.04 

1.04 


■SBH 

CKDR to TDO 


filCTI 

MIWPM 

0.00 

1.01 

■eqh 

■QQH 


'PLZ 

Propagation Deiay, 

0.71 


5.41 

0.05 

0.90 


5.40 

0.04 

MMU 

DO to PAD 

g«W;M 

anriM 


0.01 

1.12 

1.57 


0.01 

BBBl 

Propagation Delay, 





0.96 



0.05 

ISM 

OMC to PAD 



HEM 

0.00 

1.42 



0.01 

liHl 

Propagation Delay, 


■ESI 

2.04 

0.01 

1.51 

1.91 


0.01 

1^91 

TDO to PAD 

mtcm 

MECTI 

MKtM 

0.01 

1.68 


HBSOH 


Vlz 

Propagation Delay, 


gliSM 


0.05 




0.04 

^PZL 

UDDR to PAD 


MECTI 


0.01 

I 1.90 


2.80 

0.01 

tr 


0.23 

5.59 

10.94 

0.11 




0.11 

tf 





0.01 

1 0.65 

1.55 

2.45 

kesh 

‘r 


0.63 

0.63 

0.63 

0.00 


0.87 

0.87 

0.00 

tf 

Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 

1 0.52 

0.52 

0.52 
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ON20GJ BN40GJ ONL20GJ BNL40GJ 

■■■■■■■■■■ MOTOROLA TECHNICAL DATA 


GTL SWITCHING CHARACTERISTICS 

(input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3V 

pF=0 

pF=50 

pF=100 

K (ns/pF) 




QQE2I1] 


BN40GJ 

BNL40GJ 

Vlh 

Propagation Delay, 




0.00 

1.04 

1.04 

1.04 

0.00 

tpHL 

CKDR to TDO 




0.00 

1.01 

1.01 

1.01 

0.00 

tpLZ 

Propagation Delay, 



3.06 


0.97 



0.02 


DO to PAD 

0.83 

1.03 

1.23 

0.00 

0.92 

1.12 


0.00 

tpLZ 

Propagation Delay, 

0.70 

1.90 

3.10 

0.02 


2.20 


0.02 

N 

Q. 

OMC to PAD 

1.46 

1.61 

1.76 

0.00 





Vlz 

Propagation Delay, 

1.70 

2.85 


0.02 


IIQQIII 


0.02 

tpZL 

TDO to PAD 

1.83 

2.03 

2.23 


IQgi 


laBai 

0.00 

If 

Propagation Delay, 

1.81 

2.96 

4.11 

0.02 





■m 

UDDRto PAD 

2.00 

2.20 

2.40 

0.00 

2.56 

2.76 

||Q]9 

0.00 

tr 

Output Rise Time, PAD 

0.24 

2.89 


0.05 

0.24 

2.89 

IIQmi 

0.05 

tf 

Output Fall Time, PAD 



um 

0.01 

0.40 

0.75 

1.10 


tr 

Output Rise Time, TDO 




0.00 

0.87 

0.87 

0.87 

0.00 

tf 

Output Fall Time, TDO 

0.41 



0.00 


0.52 


0.00 


GTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

FO=0 





FO=2 

FO=8 

K (ns/pF) 


BN40GJ 

BNL40GJ 

tpLH 

Propagation Delay, 

0.51 

0.52 






0.19 

tpHL 

IMG to Dl 


0.78 


0.22 

1.07 

1.10 


0.31 

HI9SI 



0.17 



0.28 

0.29 

0.34 

0.16 

■as 


■iltM 

0.34 


0.18 

0.48 


0.57 

0.23 

lif 


Igll 

0.80 

0.84 

0.13 

1.17 

Hiiyi 


0.19 

HSB9i 




0.97 

0.21 

1.32 

besi 

1.44 

0.31 

■if 


■iIAM 


0.95 

0.13 

1.25 



0.19 

■am 



1.08 

mi 

0.22 




0.31 

tr 

Output Rise Time, Dl 


0.23 


0.22 

»iW;M 


MiiEai 

0.35 

tf 

Output Fall Time, Dl 


0.25 

0.31 

0.19 

1 0.24 

0.27 


0.26 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


CMOS TIMING REQUIREMENTS (Input Edge Rate tr,tf=1 OOns) Rev. 1.07 



Parameter 

5/5 V 

3.3/3.3 V 

Minimum Requirement 

Minimum Requirement 


ON20GJ 

ONL20GJ 

iiiiiQm 

Set Up Time, DO to CKDR 

0.18 

0.36 

111119111 

Set Up Time, SHDR to CKDR 

0.24 

0.43 


Set Up Time, TDI to CKDR 

0.13 

0.26 


Hold Time, CKDR to DO 

0.29 

0.39 


Hold Time, CKDR to SHDR 

0.19 

0.26 

th 

Hold Time, CKDR to TDI 

0.31 

0.39 
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ON20GJ BN40GJ ONL20GJ BNL40GJ 

MOTOROLA TECHNICAL DATA 


CMOS TIMING REQUIREMENTS (Input Edge Rate tr,tf=1 OOns) 




Pulse Width, CKDR(L) 


Pulse Width, CKDR(H) 


Pulse Width, UDDR(H) 


Set Up Time, DO to CKDR 


Set Up Time, IPT to CKDR 


Set Up Time, SHDR to CKDR 


Set Up Time, TDI to CKDR 


Hold Time, CKDR to DO 


Hold Time, CKDR to IPT 


Hold Time, CKDR to SHDR 
Hold Time, CKDR to TDI 
Pulse Width, CKDR(L) 
Pulse Width, CKDR(H) 
Pulse Width, UDDR(H) 



FUNCTIONAL DIAGRAM: ON20GJ 



PAD 
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ON20GJ BN40GJ ONL20GJ BNL40GJ 

■■■■■■■■■■ MOTOROLA TECHNICAL DATA 


FUNCTIONAL DIAGRAM: BN40GJ 
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IPDJ 


MOTOROLA TECHNICAL DATA 


7.2.7 PECL 

PECL Differential Input 

(3.3 V and 5 V System/Core Voltage) 



Function Table 


PAD 

PAD2 

Dl 

L 

L 

ND 

L 

H 

L 

H 

L 

H 

H 

H 

NO 


ND = Not Defined 


5/5 V 


IPDJ 


IPDJ 



XXX XXX 

PAD2 PAD 


PECL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

FO=0 

FO=2 

FO=8 

K(ns/pF) 1 

IPDJ 

tpLH 

Propagation Delay, 

0.70 

0.70 

0.70 

0.00 

IPHL 

CKDR to TDO 

0.72 

0.72 

0.72 

0.00 

tpLH 

Propagation Delay, 

0.76 

0.78 

0.85 

0.21 

tpHL 

IMG to Dl 

0.51 

0.52 

0.56 

0.14 

Vlh 

Propagation Delay, 

0.84 

0.85 

0.88 

0.11 

Vhl 

PAD,PAD2 to Dl 

0.83 

0.85 

0.91 

0.18 

IPLH 

Propagation Delay, 

0.76 

0.78 

0.82 

0.13 

IPHL 

TDO to Dl 

0.85 

0.87 

0.93 

0.21 

IPLH 

Propagation Delay, 

0.88 

0.89 

0.93 

0.13 

-I 

X 

Q. 

UDDR to Dl 

1.02 

1.04 

1.11 

0.21 

t, 

Output Rise Time, Dl 

0.16 

0.18 

0.26 

0.25 

.»f 

Output Fall Time, Dl 

0.21 

0.23 

0.30 

0.22 

tr 

Output Rise Time, TDO 

0.63 

0.63 

0.63 

0.00 

tf 

Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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MOTOROLA TECHNICAL DATA 


7.2.8 PCI 

PCI Input -JTAG 3 3^3.3 V ILPCJ 

(3.3 V and 5 V System/Core Voltage) 



FUNCTION TABLE 


JTAG I 

PAD 

Dl 

L 

L 

H 

H 


JTAG 


For JTAG Truth Table Information, 
See Table 3, “JTAG Logic Truth Ta¬ 
bles - Inputs,” on page 181 in this 
Manual. 



PCI SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

3.3/3.3 V 

FO=:0 

FO=:2 

FO=8 

K(ns/pF) 1 

ILPCJ 

tpLH 

Propagation Delay, 

1.04 

1.04 

1.04 

0.00 

tpHL 

CKDRtoTDO 

1.01 

1.01 

1.01 

0.00 

tpLH 

Propagation Delay, 

1.07 

1.10 

1.19 

0.31 

tpHL 

IMG to Dl 

0.70 

0.72 

0.78 

0.19 

Vlh 

Propagation Delay, 

0.68 

0.70 

0.75 

0.17 

Vhl 

PAD to Dl 

1.01 

1.04 

1.13 

0.29 

Vlh 

Propagation Delay, 

1.14 

1.16 

1.21 

0.19 

tpHL 

TDO to Dl 

1.27 

1.30 

1.39 

0.31 

Vlh 

Propagation Delay, 

1.21 

1.23 

1.28 

0.20 

^phl 

UDDR to Dl 

1.48 

1.51 

1.60 

0.31 

tr 

Output Rise Time, Dl 

0.27 

0.31 

0.41 

0.33 

tf 

Output Fall Time, Dl 

0.42 

0.45 

0.54 

0.29 

tr 

Output Rise Time, TDO 

0.87 

0.87 

0.87 

0.00 

tf 

Output Fall Time, TDO 

0.52 

0.52 

0.52 

0.00 


Capacitance per fanout = 0.05 pF (metal capacitance is not Included). 


NOTE 

For Functional Diagram see page 7-43 
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MOTOROLA TECHNICAL DATA 


PCI Input -JTAG 

(3.3 V and 5 V System/Core Voltage) 


5/5 V 
3.3/3.3 V 


IPCHJ 

ILPCHJ 


MACRO 

SECTIONS USED 

All 

1/0 


FUNCTION TABLE 


MACRO 

OUTPUTS/INPUTS 

All 

Dl.TDO/ 

PAD,IC,CKDR,SHDR,TDI 


MACRO 

INPUT CAP. 

All 

CKDR.TDI; 0.04pF 

PAD: 5.40pF 

SHDR: 0.09pF 


1 JTAG 1 

PAD 

Dl 

L 

L 

H 

H 


For JTAG Truth Table Information, 
See Table 3, “JTAG Logic Truth Ta¬ 
bles - Inputs,” on page 181 in this 
Manual). 


IPCHJ 

ILPCHJ 



PCI SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 

T 

Sym Parameter -,-,- 

FO=0 FO=2 FO=8 




3.3/3.3 V 


K (ns/pF) 


K (ns/pF) 
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MOTOROLA TECHNICAL DATA 


PCI TIMING REQUIREMENTS (Input Edge Rate tptpl .00ns) Rev. 1.07 


Sym 

Parameter 

Norn. Vdd= 5.0 V, Tj= 25.0°C 

Minimum Requirement 

Minimum Requirement 

th 

Hold Time, CKDR to Dl 

0.10 

0.07 

th 

Hold Time. CKDR to SHDR 

0.19 

0.25 

th 

Hoid Time, CKDR to TDI 

0.31 

0.41 

tw 

Puise Width, CKDR(L) 

0.45 

0.71 

tw 

Puise Width, CKDR(H) 

0.65 

0.98 


FUNCTIONAL DIAGRAM: IPCHJ 


Dl 



PAD 
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BILPCJ 


MOTOROLA TECHNICAL DATA 


Inverting PCI Bidirectional 3.3/3.3 V BILPCJ 

Input Buffer-JTAG 

(3.3 V System/Core Voltage) 


FUNCTION TABLE 


JTAG I 

BC 

IP 

L 

H 

H 

L 


MACRO 

SECTIONS USED 

BILPCJ 

0/1 


MACRO 

OUTPUTS/INPUTS 

BILPCJ 

IP/BC 


MACRO 

INPUT CAP. 

BILPCJ 

BC: O.OepF 


MACRO 

OUTPUT CAP. 

BILPCJ 

IP: 0.16pF 



BILPCJ 


PCI SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

3.3/3.3 V 

FO=0 

FO=2 

FO=8 

K (ns/pF) 


BILPCJ 

tpLH 

Propagation Delay, 

BC to IP 

0.62 

0.62 

0.62 

0.00 

tpHL 

0.55 

0.55 

0.55 

0.00 

tr 

Output Rise Time, IP 

1.32 

1.32 

1.32 

0.00 

tf 

Output Fall Time, IP 

0.52 

0.52 

0.52 

0.00 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


NOTE: 

Path delay from PAD to Dl in the bidirectional buffer will be non-inverted when used together with JTAG bidirectional output 
buffers. 
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ONPCJ ONLPCJ 


MOTOROLA TECHNICAL DATA 


PCI Output -JTAG 5/5 V ONPCJ 

(3.3 V and 5 V System/Core Voltage) 3.3/3.3 V ONLPCJ 


MACRO 

SECTIONS USED 

ONPCJ 

0/1 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

ONPCJ 

PAD.TDO/ 

DO,CKDR,UDDR,SHDR,TDI,OMC 


MACRO 

INPUT CAP. 

ONPCJ 

CKDR.TDI: 0.04pF 

DO: 0.24pF 
OMC.SHDR: O.IOpF 

UDDR: O.OSpF 


FUNCTION TABLE 


JTAG 1 

DO 

PAD 

L 

L 

H 

H 


JTAG 


For JTAG Truth Table Information, 
See Table 4, “JTAG Logic Truth Ta¬ 
bles - Outputs,” on page 181 in this 
Manual. 


MACRO 

OUTPUT CAP. 

ONPCJ 

PAD: S.IOpF 



PCI SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ=: 25.0°C (Nominal) all units are in ns. ___ Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

pF=:0 

pF=50 

pF=100 

K(n8/pF)l 

pF=0 

pFs50 

pF=100 

K (ns/pF) 


ONPCJ 

ONLPCJ 1 

^PLH 

Propagation Delay, 



0.71 

0.00 

1.04 

1.04 

1.04 

0.00 

tpHL 

CKDR to TDO 



0.72 

0.00 

BliUll 


MW 

0.00 

tpLH 

Propagation Delay, 

0.81 

2.31 

3.81 

0.03 

MW 




¥hl 

DO to PAD 

1.04 


2.74 

0.02 



3.52 

IIIQJQIIII 

tpLH 

Propagation Delay, 

1.00 

2.50 

KSSI 

0.03 

1.52 


3.82 

0.02 

■S9B 

OMC to PAD 

1.24 

2.09 


0.02 

1.79 


3.79 

0.02 

tpLH 

Propagation Delay, 

1.25 

2.75 


0.03 

1.96 

3.11 

4.26 

0.02 

Vhl 

TDO to PAD 

1.40 

2.25 

KiOi 


2.08 

3.08 


0.02 

tpLH 

Propagation Delay, 

1.38 



0.03 

2.04 

3.19 


0.02 

tpHL 

UDDR to PAD 




0.02 



4.30 

0.02 

‘r 

Output Rise Time, PAD 




0.07 



5.22 

0.05 

tf 

Output Fall Time, PAD 


Hfctil 



0.58 


MgEM 

0.03 

tr 

Output Rise Time, TDO 

0.62 

0.62 

0.62 

0.00 

0.87 

aOi&i 


0.00 

tf 

Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 



0.52 

0.00 
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ONTPCJ ONLTPCJ 


MOTOROLA TECHNICAL DATA 


PCI Non-Inverting 3-State Output -JTAG 5/5 V ONTPCJ 

(3 V and 5 V System/Core Voltage) 3.3/3.3 V ONLTPCJ 


MACRO 

SECTIONS USED 

All 

0/1 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

PAD.TDO/ 

DO,EN,CKDR,UDDR,SHDR,TDI,OMC 


MACRO 

INPUT CAP. 

ONTPCJ 

CKDR,TDI: 0.04pF 

DO.EN; 0.24pF 
OMC,SHDR:0.10pF 

UDDR: O.OSpF 

ONLTPCJ 

CKDR,TDI: 0.04pF 

DO,EN: 0.23pF 
OMC,SHDR:0.10pF 

UDDR; O.OSpF 


MACRO 

OUTPUT CAP. 

ONTPCJ 

PAD: 5.10pF 

ONLTPCJ 

PAD: 4.96pF 


FUNCTION TABLE 


JTAG 


DO 

EN 

PAD 

L 

H 

L 

H 

H 

H 

X 

L 

z 


JTAG 


For JTAG Truth Table Information, See 
Table 6, “JTAG Logic Truth Tables - 
Outputs,” on page 182 in this Manual. 


ONTPCJ 

ONLTPCJ 



XXX 

PAD 


PCI SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are ih ns.___Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3V 

pF=0 



K(ns/pF) 1 

pF=:0 

pF=50 

pF=100 

K(ns/pF) 1 



ONTPCJ 

ONLTPCJ 

tpLH 

Propagation Delay, 

0.71 


0.71 

0.00 

1.04 

1.04 


0.00 

tpHL 

CKDR to TDO 

0.72 


0.72 

0.00 

1.01 

1.01 


0.00 

fpLH 

Propagation Delay, 

0.92 

2.42 

3.92 

0.03 

1.49 

2.64 


0.02 

fpHL 

DO to PAD 



2.85 

0.02 

1.58 

2.58 

3.58 

0.02 

fpLZ 

Propagation Delay, 

0.89 

giUiiai 

0.90 

0.00 

1.19 

1.20 

1.20 

0.00 

tpZL 

EN to PAD 

0.98 

1.83 

2.68 

0.02 

1.27 

2.27 

3.27 

0.02 

tpZH 

Propagation Delay, 

0.77 

2.32 

3.87 

0.03 

1.23 

2.38 

3.53 

0.02 

tpHZ 

EN to PAD 

0.76 

0.76 

0.77 

0.00 

1.20 

1.20 


0.00 

tpLH 

Propagation Delay, 

1.10 

2.60 

4.10 

0.03 

MWkM 

2.92 

WttiM 

0.02 

tpHL 

OMC to PAD 

1.33 

2.18 

3.03 

0.02 


2.85 

3.85 

0.02 

Vlh 

Propagation Delay, 

1.34 

2.84 

4.34 

0.03 


3.35 

4.50 

0.02 

tpHL 

TDO to PAD 

1.50 

2.35 

3.20 

0.02 

2.14 

3.14 

4.14 

0.02 

fpLH 

Propagation Delay, 

1.48 

2.98 

4.48 

0.03 

2.29 

3.44 

4.59 

0.02 

tpHL 

UDDR to PAD 

1.67 

2.52 

3.37 

0.02 

2.35 

3.35 

4.35 

0.02 

tr 

Output Rise Time, PAD 

0.31 

3.76 

7.21 

0.07 

0.52 

2.87 

5.22 

0.05 

tf 

Output Fall Time, PAD 

0.50 

1.90 


0.03 

0.59 

2.29 

3.99 

0.03 

tr 

Output Rise Time, TDO 

0.62 

0.62 

0.62 

0.00 

0.87 

0.87 

0.87 

0.00 

tf 

Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 

0.52 

0.52 


0.00 
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MOTOROLA TECHNICAL DATA 


ONTPCJ ONLtPCJ 


TTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°G (Nominal) all units are in ns. 

I I 1 srev 


Rev. 1.07 


Parameter 


pF=50 |pF=100| 
ONTPCJ 




3.3/3.3 V 
pF=50 IpFsIOO l 
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ONTPCJ ONLTPCJ 


MOTOROLA TECHNICAL DATA 


FUNCTIONAL DIAGRAM: ONTPCJ 













BNTPCJ BNLTPCJ 


MOTOROLA TECHNICAL DATA 


PCI Non-Inverting 3-State Bidirectional 
Output -JTAG 

(3 V and 5 V System/Core Voltage) 


MACRO 

SECTIONS USED 

All 

1/0 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

BIC.DI.TDO/ 

DO,EN,CKDR,UDDR,IMC,SHDR, 

TDI,OMC,IPT 


MACRO 

INPUT CAP. 

All 

CKDR.TDI; 0.04pF 

DO.IPT: 0.24pF 
EN:0.21pF 

IMC,OMC,SHDR,UDDR; O.IOpF 


MACRO 

OUTPUT CAP. 

All 

PAD: 5.10pF 


FUNCTION TABLE 


JTAG 


DO 

EN 

PAD 

L 

H 

L 

H 

H 

H 

X 

L 

Z 


JTAG 


For JTAG Truth Table Information, 
See Table 6, “JTAG Logic Truth Ta¬ 
bles - Outputs,” on page 182 in this 
Manual. 


5/5 V BNTPCJ 

3.3/3.3 V BNLTPCJ 


BNTPCJ 

BNLTPCJ 



XXX 

PAD 


PCI SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

pF=0 

pF=50 

pF=100 

K(ns/pF) 

pF=:0 

pF=50 

pF=100 



BNTPCJ 

BNLTPCJ 

tpLH 

Propagation Delay, 



0.70 

0.00 



1.04 

0.00 

tpHL 

CKDR to TDO 



0.72 

0.00 

1.01 

1.01 


0.00 

tpLH 

Propagation Delay, 



3.92 

0.03 



3.86 

0.02 

tpHL 

DO to PAD 


■Sim 


0.02 

■EiS 


3.59 

0.02 

tpLZ 

Propagation Delay, 

0.90 



0.00 



1.31 

0.00 

tpZL 

EN to PAD 

0.99 

1.84 


0.02 



3.38 

0.02 

tpZH 

Propagation Delay, 


■Sslil 

■E9 


■Em 


3.66 

0.02 

tpHZ 

EN to PAD 


■■■ 


0.00 


MKcf 

1.35 

0.00 


Propagation Delay, 

■ESI 

2.88 

4.38 

0.03 



4.48 

0.02 


OMC to PAD 

1.70 


3.30 

0.02 

2.28 


3.88 

0.02 



MEIM 



0.03 



5.23 

0.02 



1II3CT 

2.93 

3.73 

0.02 



4.90 

0.02 

tpLH 

Propagation Delay, 

TilM 



0.03 


lEldl 

5.30 

0.02 

tpHL 

UDDR to PAD 




0.02 


EQSI 

5.10 

0.02 

tr 

Output Rise Time, PAD 




0.07 

TiKMI 

EtSim 

5.22 

0.05 

tf 


0.50 

BiQII 


0.03 

0.59 



0.03 

tr 

Output Rise Time, TDO 

0.63 

0.63 

0.63 

0.00 

0.87 




tf 

Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 

0.52 

0.52 

0.52 

0.00 
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MOTOROLA TECHNICAL DATA 


PCI SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 



3.3/3.3 V 
FO=2 FO=8 
BNLTPCJ 


I 0.70 I 0^ 




I 0.50 


Hi 


0.57 

1.25 



Rev. 1.07 


K (ns/pF) 



TTL SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are In ns. 


Rev. 1.07 
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BNTPCJ BNLTPCJ 


MOTOROLA TECHNICAL DATA 


PCI/TTL TIMING REQUIREMENTS (Input Edge Rate tptf=1.00ns) 
I \ I 5/5 V 


Parameter 


Minimum Requirement 




Rev. 1.07 

3.3/3.3 V 

Minimum Requirement 
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BNTPCJ BNLTPCJ 


MOTOROLA TECHNICAL DATA 


FUNCTIONAL DIAGRAM: BNTPCJ 
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TCIOTCKH TCKX/TCKHX TCKL/TCKHL 

MOTOROLA TECHNICAL DATA 


Section 7.3 JTAG Boundary Scan Functions 
Section 7.3.1 Test Macros -JTAG 


Test Clock Buffer - JTAG 

1X & 2X Drive, CMOS Levels 

(3.3 V and 5 V System/Core Voltage) 



FUNCTION TABLE 


JTAG I 

PAD 

TCK 

L 

L 

H 

H 


5/5 V TCK/rCKH 

5/3.3 V TCKX/TCKHX 

3.3/3.3 V TCKL/TCKHL 


TCK 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

FO=0 

FO=2 

FO=8 

K(ns/pF) 1 


TCK 

tpLH 

Propagation Delay, 

PAD to TCK 

0.33 

0.34 

0.38 

0.11 

Vhl 

0.37 

0.39 

0.43 

0.15 

tr 

Output Rise Time, TCK 

0.13 

0.15 

0.23 

0.25 

tf 

Output Fall Time, TCK 

0.12 

0.14 

0.20 

0.20 


TCKH 1 

tpLH 

Propagation Delay, 

PAD to TCK 

0.36 

0.36 

0.37 

0.04 

tpHL 

0.44 

0.45 

0.47 

0.07 

tr 

Output Rise Time, TCK 

0.16 

0.17 

0.20 

0.10 

tf 

Output Fall Time, TCK 

0.21 

0.22 

0.25 

0.11 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


Rev. 1.07 


Sym 

Parameter 

5/3.3 V 

3.3/3.3 V 

FO=0 

FO=2 

FO=8 

K (ns/pF) 




K(ns/pF) 


TCKX 

TCKL 

tpLH 

Propagation Delay, 

PAD to TCK 

0.21 

0.23 

0.27 

0.15 


mnam 


0.15 


0.62 

0.64 

0.70 

0.19 

0.50 



0.19 

t, 

Output Rise Time, TCK 

0.15 

0.19 

0.29 

0.35 



0.31 

0.34 

‘f 

Output Fall Time, TCK 

0.13 

0.16 

0.23 

0.25 



0.27 

0.24 


TCKHX 

TCKHL 

tpLH 

Propagation Delay, 

PAD to TCK 

0.25 

0.26 

0.27 

0.05 

0.48 



0.05 


0.64 

0.65 

0.68 

0.08 

0.53 

l2]gg| 


0.08 

tr 

Output Rise Time, TCK 

0.17 

0.18 

0.22 

0.14 

0.20 



0.14 

tf 

Output Fall Time, TCK 

0.22 

0.23 

0.27 

0.13 

0.22 

IXisI 

0.27 

0.13 


included). 
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TCKT/TCKHT TCKTX/TCKHTX TCKLTX/TCKHLTX 



MOTOROLA TECHNICAL DATA 


Test Clock Buffer - JTAG 
1X and 2X Drive, TTL Levels 
(3.3 V and 5 V System/Core Voltage) 


5/5 V TCKT/rCKHT 

5/3.3 V TCKTX/TCKHTX 

3.3/5 V TCKLTX/TCKHLTX 



FUNCTION TABLE 


JTAG I 

PAD 

TCK 

L 

L 

H 

H 


TCK 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominai) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

FO=0 




FO=0 



K (ns/pF) 


TCKT 

TCKLTX 

tpLH 

Propagation Delay, 

PAD to TCK 

0.29 

0.31 

■iKM 

0.11 

0.29 


■iKni 

0.11 

Vhl 

0.64 

0.65 

mukim 

0.18 

0.64 



0.18 

tr 

Output Rise Time, TCK 

0.12 

0.15 


0.24 

0.12 

0.15 

0.22 

0.24 

tf 

Output Fall Time, TCK 

0.28 

0.30 

0.36 

0.20 

0.28 



0.20 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


Rev. 1.07 


Sym 

Parameter 

5/3.3 V 

5/3.3 V 

FO=0 

FO=2 

FO=8 

K(ns/pF) 

FO=0 

FO=2 

FO=8 

K (ns/pF) 


TCKTX 

TCKHTX 

■me 

Propagation Delay, 

PAD to TCK 

0.45 

0.47 

0.51 

0.15 

0.49 

0.50 

0.51 

0.05 

■3SS 

0.38 

0.40 

0.46 

0.19 

0.40 

0.41 

0.44 

0.08 

tr 

Output Rise Time, TCK 

0.15 

0.19 

0.29 

0.35 

0.17 

0.18 

0.22 

0.14 

tf 

Output Fall Time, TCK 

0.13 

0.16 

0.23 

0.25 

0.22 



0.13 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0^C (Nominal) all units are in ns.__Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

FO=0 

FO=2 

FO=8 

K (ns/pF) 


TCKHT 

TCKHLTX 

HSISli 

Propagation Delay, 

PAD to TCK 

0.33 

0.33 

0.34 

0.04 

0.33 



0.04 

tpHL 

0.47 

0.47 


0.07 

0.47 



0.07 

tr 




0.15 

0.10 

0.11 



0.10 

tf 

Output Fall Time, TCK 


0.19 

0.22 

0.11 

0.18 



0.11 


Capacitance per fanout = 0.05 pF (metal capacitance is not Included). 
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TDITDIX TOIL 


MOTOROLA TECHNICAL DATA 


Test Data Input Buffer - JTAG 5/5 V TDI 

(3.3 V and 5 V System/Core Voltage) 5/3.3 V TDIX 

3.3/3.3 V TDIL 



FUNCTION TABLE 


JTAG I 

PAD 

TDIC 

TDIP 

L 

L 

L 

H 

H 

H 


i 

o 

a 


TDIP 


TDI/TDIX/TDIL 


t 

'IC 


XX 


XXX 

PAD 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) ali units are in ns. Rev. 1.07 


Sym 

Parameter 

5/5 V 

FO=0 

FO=:2 

FO=8 

K (ns/pF) 


TDI I 

tpLH 

Propagation Delay, 

heb 

0.39 


0.12 

tpHL 

PAD to TDIC 

maefsm 

0.43 

KESS 

0.16 

'PLH 

Propagation Delay, 


0.48 



tpHL 

PAD to TDIP 

0.40 

0.43 

0.54 

0.34 

tr 

Output Rise Time, TDIC 

0.14 

0.17 

0.24 

0.25 

tf 

Output Fall Time, TDIC 

0.13 

0.15 

0.21 

0.21 

tr 

Output Rise Time, TDIP 

0.17 

0.27 

0.58 

1.04 

tf 

Output Fall Time, TDIP 

0.13 

0.18 

0.32 

0.47 

Fanout (FC 

D) capacitance does not include estimated metal lengths (each FO = C 

.05pF). 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) ail units are in ns._Rev. 1.07 


Sym 

Parameter 

5/3.3 V 

3.3/3.3 V 

FO=0 

FO=2 

FO=:8 

K (ns/pF) 

FO=0 

FO=2 

FO=8 

K (ns/pF) 


TDIX 

TDIL 

tpLH 

Propagation Delay, 

PAD to TDIC 

0.25 

0.26 


0.15 

0.48 

0.49 

0.54 

0.16 

tpHL 

0.68 

ngmi 

IKB^i 

0.20 

0.56 

0.58 

0.64 

0.20 

tpLH 

Propagation Delay, 

PAD to TDIP 

0.29 


■itiuilll 

0.56 

0.54 

0.59 

IlgQH 

0.56 

tpHL 

0.67 

0.71 

0.84 

0.41 

0.55 

0.60 


0.41 

tr 

Output Rise Time, TDIC 

0.15 

0.19 


0.36 

0.20 

0.23 



tf 

Output Fall Time, TDIC 

0.16 

0.18 


0.25 

0.16 

0.19 


0.25 

tr 

Output Rise Time, TDIP 

0.16 

0.31 


1.48 



0.78 

1.47 

tf 

Output Fall Time, TDIP 

0.17 

0.23 


0.57 



0.40 

0.57 


Fanout (FO) capacitance does not include estimated metal lengths (each FO = O.OSpF). 
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TDIT TDITX TDILTX 


MOTOROLA TECHNICAL DATA 


Test Data Input Buffer - JTAG 
(3.3 V and 5 V System/Core Voltage) 



FUNCTION TABLE 


JTAG I 

PAD 

TDIC 

TDIP 

L 

L 

L 

H 

H 

H 


5/5 V TDIT 

5/3.3 V TDITX 

3.3/5 V TDILTX 


TDIT 


/TDITX/TDILTX 



XXX 

PAD 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 



Parameter 

5/5 V 

3.3/5 V 

FO=0 

FO=2 1 FO=8 

K (ns/pF) 1 

FO=0 

FO=2 

FO=8 

K(ns/pF) 


TDIT 

TDILTX 

msim 

Propagation Delay, 

PAD to TDIC 

0.33 

0.34 


0.11 

0.33 

0.34 

0.37 

0.11 

WESsm 

0.76 

0.78 

0.84 

0.20 

0.76 

0.78 


0.20 

fpLH 

Propagation Delay, 

PAD to TDIP 


0.40 

0.51 

0.38 

0.36 


0.51 

0.38 


0.71 

0.75 

0.88 

0.42 

0.71 

■tTRMi 

0.88 

0.42 

tr 

Output Rise Time, TDIC 

0.14 

0.16 

0.23 

0.24 

0.14 

0.16 

0.23 

0.24 

tf 



0.36 

0.42 

0.20 



0.42 

0.20 

tr 

Output Rise Time, TDIP 

0.14 

0.24 

0.56 

1.05 

0.14 

0.24 

0.56 

1.05 

tf 

Output Fall Time, TDIP 

0.33 

0.38 


0.46 

0.33 

0.38 


0.46 


Fanout (FO) capacitance does not include estimated metal lengths (each FO = O.OSpF). 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/3.3V 

FO=0 

FO=2 

FO=8 

K (ns/pF) 


TDITX 

fpLH 

Propagation Delay, 

PAD to TDIC 

0.49 


0.55 

0.15 

fpHL 

0.44 


0.52 

0.20 

Vlh 

Propagation Delay, 

PAD to TDIP 

0.53 

0.59 

0.75 

0.56 

—j 

I 

0.43 

0.47 

0.60 

0.41 

tr 

Output Rise Time, TDIC 

0.15 

0.19 

0.29 

0.36 

tf 

Output Fall Time, TDIC 

0.16 

0.18 

0.26 

0.25 

tr 

Output Rise Time, TDIP 

0.16 

0.31 

0.76 

1.48 

tf 

Output Fall Time, TDIP 

0.17 

0.23 

0.40 

0.57 


Fanout (FO) capacitance does not include estimated metal lengths (each FO = O.OSpF). 
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TMS TMSX TMSL 


MOTOROLA TECHNICAL DATA 


Test Mode Select Buffer - JTAG 
(3.3 V and 5 V System/Core Voltage) 



FUNCTION TABLE 


JTAG I 

PAD 

TMS 

L 

L 

H 

H 


5/5 V TMS 

5/3.3 V TMSX 

3.3/3.3 V TMSL 

TMS 



CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/5 V 

FO=0 

FO=2 

FO=8 

K (ns/pF) 


TMS I 

Vlh 

Propagation Delay, 

PAD to TMS 

0.33 

0.34 

0.38 

0.11 

^PHL 

0.37 

0.39 

0.43 

0.15 

tr 

Output Rise Time, TMS 

0.13 

0.15 

0.23 

0.25 

tf 

Output Fall Time, TMS 

0.12 

0.14 

0.20 

0.20 


Fanout (FO) capacitance does not include estimated metal lengths (each FO = 0.05pF). 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/3.3 V 

3.3/3.3 V 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

FO=0 

FO=2 

FO=8 

K(ns/pF) ! 


TMSX 

TMSL 


Propagation Delay, 

PAD to TMS 


0.23 

mnam 

0.15 

0.43 

0.44 

0.49 

0.15 

H3!S1 

0.62 


»]r/f 

0.19 

0.50 

0.52 

0.58 

0.19 

tr 


0.15 

■Qglll 


0.35 

0.17 



0.34 

tf 


0,13 

0.16 

0.23 


0.17 

0.20 


0.24 


Fanout (FO) capacitance does not include estimated metal lengths (each FO = O.OSpF). 
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TMSTTMSTXTMSLTX 


MOTOROLA TECHNICAL DATA 


Test Mode Select Buffer - JTAG 
(3.3 V and 5 V System/Core Voltage) 


5/5 V TMST 

5/3.3 V TMSTX 

3.3/5 V TMSLTX 



TMS 



FUNCTION TABLE 


I JTAG I 

PAD 

TMS 

L 

L 

H 

H 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

FO=0 

FO=2 

FO=8 

K(ns/pF) 

FO=0 

FO=2 

FO=8 

K(ns/pF) 


TMST 

TMSLTX 

tpLH 

Propagation Delay, 

PAD to TMS 

0.29 

0.31 


0.11 

1 0.29 

0.31 

0.34 

0.11 

tpHL 

0.64 

0.65 

0.71 

0.18 


0.65 


0.18 

tr 


0.12 

0.15 

0.22 

0.24 


0.15 

mipjorn 

0.24 

‘f 

Output Fall Time, TMS 

0.28 

0.30 

0.36 

0.20 

1 0.28 

0.30 

0.36 



Fanout (FO) capacitance does not include estimated metal lengths (each FO = 0.05pF). 


CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/3.3 V 

FO=0 FO=2 

FO=8 

K (ns/pF) 


TMSTX 

tpLH 

Propagation Delay, 

PAD to TMS 

0.45 

0.47 

0.51 


tpHL 

0.38 

0.40 

0.46 

0.19 

tr 

Output Rise Time, TMS 

0.15 

0.19 


0.35 

tf 

Output Fall Time, TMS 

0.13 

0.16 

0.23 

0.25 


Fanout (FO) capacitance does not include estimated metal lengths (each FO = O.OSpF). 
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TRSTB TRSTBX TRSTBL 


MOTOROLA TECHNICAL DATA 


Test Reset (Bar) Buffer - JTAG 
(3.3 V and 5 V System/Core Voltage) 


FUNCTION TABLE 


JTAG I 

PAD 

TRSTB 

L 

L 

H 

H 



5/5 V TRSTB 

5/3.3 V TRSTBX 

3.3/3.3 V TRSTBL 


TRSTB 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

FO=0 

FO=2 

FO=8 

K (ns/pF) 


TRSTB 

TRSTBL 

tpLH 

Propagation Delay, 

PAD to TRSTB 

0.33 

0.34 

0.38 

0.11 

0.43 

0.44 

0.49 

0.15 

Vhl 

0.37 

0.39 

0.43 

0.15 

0.50 

0.52 

0.58 

0.19 

tr 

Output Rise Time, TRSTB 

0.13 

0.15 


0.25 

0.17 

0.21 

0.31 


tf 

Output Fall Time, TRSTB 

0.12 

0.14 



0.17 

0.20 

0.27 



Fanout (FO) capacitance does not include estimated metal lengths (each FO = O.OSpF). 


CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0^0 (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/3.3 V 

FO=0 

FO=2 

FO=8 

K(ns/pF) 


TRSTBX 1 

Vlh 

Propagation Delay, 

PAD to TRSTB 

0.21 

0.23 

0.27 

0.15 

^PHL 

0.62 

0.64 

0.70 

0.19 

tr 

Output Rise Time, TRSTB 

0.15 

0.19 

0.29 

0.35 

tf 

Output Fall Time, TRSTB 

0.13 

0.16 

0.23 

0.25 


Fanout (FO) capacitance does not include estimated metal lengths (each FO = ().05pF). 
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TRSTBT TRSTBTX TRSTBLTX 

MOTOROLA TECHNICAL DATA 


Test Reset (Bar) Buffer - JTAG 5/5 V TRSTBT 

(3.3 V and 5 V System/Core Voltage) 5/3.3 V TRSTBTX 

3.3/5 V TRSTBLTX 



FUNCTION TABLE 


JTAG I 

PAD 

TRSTB 

L 

L 

H 

H 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

FO=0 I FO=2 

FO=8 

K (ns/pF) 

FO=0 

FO=2 

FO=8 

K(ns/pF) 


TRSTBT 

TRSTBLTX 

tpLH 

Propagation Delay, 

PAD to TRSTB 

0.29 

0.31 


0.11 


0.31 

0.34 

0.11 

H3SH 

0.64 

0.65 

0.71 

0.18 


0.65 

0.71 

0.18 

tr 



0.15 

0.22 

0.24 

0.12 

0.15 


0.24 

tf 

Output Fall Time, TRSTB 

0.28 

0.30 


0.20 

0.28 

0.30 

0.36 

0.20 


Fanout (FO) capacitance does not include estimated metal lengths (each FO = O.OSpF). 


CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 



Parameter 

5/3.3 V 

FO=0 

FO=2 

FO=8 

K (ns/pF) 


TRSTBTX 1 

HSBH 

Propagation Delay, 

PAD to TRSTB 

0.45 

0.47 

0.51 

0.15 

■iiUHl 

0.38 

0.40 

0.46 

0.19 

tr 


0.15 

0.19 

0.29 

0.35 

tf 

Output Fall Time, TRSTB 

0.13 

0.16 

0.23 

0.25 


Fanout (FO) capacitance does not include estimated metal lengths (each FO = O.OSpF). 
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TDOUT TDOUTX TDOUTLX TDOUTL 

MOTOROLA TECHNICAL DATA ||||^^^_|||| 


Test Data Output Buffer - JTAG 
(3.3 V and 5 V System/Core Voltage) 


5/5 V 
5/3.3 V 
3.3/5 V 
3.3/3.3 V 


TDOUT 

TDOUTX 

TDOUTLX 

TDOUTL 


MACRO 

SECTIONS USED 

ALL 

0/1 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

ALL 

TDOC.PAD / DO.EN.TDI 


MACRO 

INPUT CAP. 

ALL 

DO: 0.24pF 
EN:0.19pF 
TDI:0.11pF 


MACRO 

OUTPUT CAP. 

ALL 

PAD: 5.10pF 


FUNCTION TABLE 


EN 

DO 

PAD 

L 

X 

Z 

H 

L 

L 

H 

H 

H 


JTAG 


For JTAG Truth Table Information, 
See Table 7-6:JTAG Logic Truth Ta¬ 
bles - Outputs on page 7-184 in this 
_ Manual). _ 



XXX 

PAD 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) ail units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

pF=:0 

pF=50 

pF=100 

K(ns/pF) 

pF=0 

pF=50 

pF=100 

K (ns/pF) 


TDOUT 

TDOUTLX 


Propagation Delay, 

0.82 

2.25 

3.67 

0.03 



4.55 

0.03 


DO to PAD 

0.92 


mggn 

0.03 




0.03 

tpLZ 

Propagation Delay, 

0.78 


kqh 

0.00 

0.62 

0.62 

0.63 

0.00 

VZL 

EN to PAD 

0.72 

m-Jktm 

IIQgglfl 

0.03 




0.05 

HS9I 

Propagation Delay, 


2.18 

3.61 

0.03 



4.50 

0.03 

■sm 

EN to PAD 


1.07 

1.07 

0.00 

1.24 

1.24 

1.25 

0.00 

Vlh 

Propagation Delay, 

0.32 

5.65 

10.97 

0.11 

0.32 

5.65 

10.97 

0.11 

Vhl 

TDI to TDOC 

0.33 

7.93 

15.54 

0.15 



15.54 

0.15 

tr 

Output Rise Time, PAD 

0.31 

3.23 

6.15 

0.06 


3.59 

6.61 

0.06 

tf 

Output Fall Time, PAD 

0.41 

2.82 

5.22 

0.05 

nQQm 

2.93 

5.39 

0.05 

tr 

Output Rise Time, TDOC 

0.13 

12.57 

25.02 

0.25 


12.57 

25.02 

0.25 

tf 

Output Fall Time, TDOC 

0.13 

10.11 

20.09 

0.20 

1 0.13 

10.11 

20.09 

0.20 
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TDOUT TDOUTX TDOUTLX TDOUTL 


MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=;1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/3.3V 

3.3/3.3 V 

pF=0 

pF=50 

pF=10d 

K (ns/pF) 

pF=0 

pF=50 

pF=100 

K (ns/pF) 

I 

TDOUTX 

TDOUTL 


Propagation Delay, 

1.54 

2.81 

4.09 

0.03 

1.21 

3.16 

5.10 

0.04 


DO to PAD 

1.90 

3.83 

5.76 

0.04 

1.24 

3.11 

4.99 

0.04 

LJplz_ 

Propagation Delay, 

1.18 

1.19 

1.19 

0.00 

0.88 


0.89 

0.00 


EN to PAD 

2.23 


6.13 

0.04 

0.99 


4.86 

0.04 

I fpZH 

Propagation Delay, 

1.42 


3.99 

0.03 

1.09 

3.07 

5.04 

0.04 

■sn 

EN to PAD 

1.59 

1.60 

1.60 

0.00 

1.25 

1.25 

1.26 

0.00 

fpLH 

Propagation Delay, 

0.41 

8.09 

15.76 

0.15 

0.41 

8.09 

15.76 

0.15 

Vhl 

TDI to TDOC 

0.45 

9.76 

19.06 

0.19 

0.45 

9.76 

19.06 

0.19 

‘r 

Output Rise Time, PAD 

KESI 

2.97 

5.64 

0.05 

0.40 

4.40 

8.40 

0.08 

tf 

Output Fall Time, PAD 

IIQggll 

3.46 

6.39 

0.06 

0.52 



0.06 

tr 

Output Rise Time, TDOC 

0.17 

17.56 

34.95 

0.35 

0.17 



0.35 

tf 

Output Fall Time, TDOC 

0.15 

12.45 

24.75 

0.25 

0.15 



0.25 


FUNCTIONAL DIAGRAM: TDOUT 

EN DO TDOC 
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MOTOROLA TECHNICAL DATA 


Section 7.3.2 Bidirectional Macros -JTAG 


Non-Inverting CMOS Bidirectional 5/5 V BICNJ 

Input Buffer - JTAG 5/3.3 V BICXNJ 

(3.3 V and 5 V System/Core Voltage) 3.3/3.3 V BILCNJ 


MACRO 

SECTIONS USED 

All 

0/1 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

IP/BC 


MACRO 

INPUT CAP. 

All 

BC: 0.1 OpF 


MACRO 

OUTPUT CAP. 

All 

IP: 0.24pF 


FUNCTION TABLE 


1 JTAG 1 

BC 

IP 

L 

H 

H 

L 



BICNJ / BICXNJ / BILCNJ 


CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

FO=0 

FO=2 

FO=8 

K(ns/pF) 

1 

BICNJ 

tpLH 

Propagation Delay, 

BC to IP 

0.30 

0.30 

0.30 

0.00 

Vhl 

0.39 

0.39 

0.39 

0.00 

tr 

Output Rise Time, IP 

0.49 

0.49 

0.49 

0.00 

tf 

Output Fall Time, IP 

0.47 

0.47 

0.47 

0.00 


Capacitance per fanout = 0.05 pF (metal capacitance is not Included). 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


Rev. 1.07 


Sym 

Parameter 

5/3.3V 

3.3/3.3 V 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

FO=0 





BICXNJ 

BILCNJ 

tpLH 

Propagation Delay, 

BC to IP 




0.00 

0.40 

0.40 


0.00 

^PHL 

HEM 

0.24 

0.24 

0.00 

0.48 

0.48 

0.48 

0.00 

HDHI 

Output Rise Time, IP 

0.60 

0.60 

0.60 

0.00 

0.62 

0.62 

0.62 

0.00 


Output Fall Time, IP 

0.43 

0.43 

0.43 

0.00 

0.55 

0.55 

0.55 

0.00 


Capacitance per fanout = 0.05 pF (metal capacitance Is not Included). 


NOTE: 

Path delay from PAD to Dl in the bidirectional buffer will be non-inverted when used together with JTAG bidirectional output 
buffers. 
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BISNJ BISXNJ BILSNJ 


MOTOROLA TECHNICAL DATA 


Non-Inverting CMOS Schmitt Trigger 5/5 V BiSNJ 

Bidirectional Input Buffer - JTAG 5/3.3 V BISXNJ 

(3.3 V and 5 V System/Core Voltage) 3 . 313.3 V BILSNJ 

FUNCTION TABLE 


MACRO SECTIONS USED 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 



Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 

5/3.3V 

Sym Parameter -,-,- 


3.3/3.3 V 


K (ns/pF) 


Rev. 1.07 


K (ns/pF) 



Capacitance per fanout = 0.05 pF (metal capacitance is not included) 


NOTE: 

Path delay from PAD to Dl in the bidirectional buffer will be non-inverted when used together with JTAG bidirectional output 
buffers. 
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BITNJ BILTXNJ 


MOTOROLA TECHNICAL DATA 


Non-Inverting TTL Bidirectional 
Input Buffer-JTAG 

(3.3 V and 5 V System/Core Voltage) 

FUNCTION TABLE 


MACRO 

SECTIONS USED 

All 

0/1 


JTAG I 

BC 

IP 

L 

H 

H 

L 


MACRO 

OUTPUTS/INPUTS 

All 

IP/BC 


MACRO 

INPUT CAP. 

All 

BC: O.OOpF 


MACRO 

OUTPUT CAP. 

All 

IP: 0.23pF 


5/5 V BITNJ 

3.3/5 V BILTXNJ 



BITNJ / BILTXNJ 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

FO=0 

FO=2 

FO=:8 

K(ns/pF) 

FO=0 

FO=2 

FO=8 

K (ns/pF) 


BITNJ 

BILTXNJ 

tpLH 

Propagation Delay, 

BC to IP 

0.49 

0.49 

0.49 

0.00 

0.51 

0.51 

0.51 

0.00 

tpHL 


0.38 





0.47 

0.00 

tr 

Output Rise Time, IP 



1.28 

0.00 


1.30 

1.30 

0.00 

tf 

Output Fall Time, IP 

0.31 

0.31 

0.31 

0.00 

0.41 


0.41 

0.00 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


NOTE; 

Path delay from PAD to Dl in the bidirectional buffer will be non-inverted when used together with JTAG bidirectional output buff¬ 
ers. 
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BITSNJ 


MOTOROLA TECHNICAL DATA 


Non-Inverting TTL Schmitt Trigger 5/5 V BITSNJ 

Bidirectional Input Buffer-JTAG 
(5 V System/Core Voltage) 


FUNCTION TABLE 


JTAG 1 

BC 

IP 

L 

H 

H 

L 


MACRO 

SECTIONS USED 

BITSNJ 

0/1 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

BITSNJ 

IP/BC 


MACRO 

INPUT CAP. 

BITSNJ 

BC: O.ISpF 


MACRO 

OUTPUT CAP. 

BITSNJ 

IP: 0.35pF 



BITSNJ 


CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5/5 V 

FO=0 

FO=2 

FOsS 

K (ns/pF) 

1 

BITSNJ 

tpLH 

Propagation Delay, 

BC to IP 

0.84 


0.84 


tpHL 

0.72 

0.72 

0.72 

0.00 

tr 

Output Rise Time, IP 

1.53 


1.53 

0.00 

tf 

Output Fall Time, IP 

0.55 


0.55 

0.00 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


NOTE: 

Path delay from PAD to Dl In the bidirectional buffer will be non-inverted when used together with JTAG bidirectional output buff¬ 
ers. 
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BN80DJ BNL80DJ 


MOTOROLA TECHNICAL DATA 


Non-Inverting Open-Drain 5/5 V BN80DJ 

Bidirectional Output Buffers - JTAG 3.3/3.3 V BNL80DJ 

(3.3 V and 5 V System/Core Voltage) 


MACRO 

SECTIONS USED 

All 

1/0 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

BIC.DI.TDO/ 

DO,CKDR,UDDR,IMC,SHDR, 

TDI,OMC,IPT 


MACRO 

INPUT CAP. 

All 

CKDRJDI; 0.04pF 
DO;0.19pF 

IMC,OMC,SHDR,UDDR: 

O.IOpF 

IPT; 0.22pF 


MACRO 

OUTPUT CAP. 

All 

PAD; 4.96pF 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

pF=0 

pF=50 

pF=100 

K (ns/pF) 

pF=0 

pF=50 

pF=100 

K (ns/pF) 


BN80DJ 

BNL80DJ 

tpLH 

Propagation Delay, 

0.76 

0.76 

0.76 

0.00 




0.00 

tpHL 

CKDR to TDO 

0.68 

0.68 


0.00 

0.95 

0.95 

0.95 

0.00 


Propagation Delay, 




0.00 


1.33 


0.00 

■BSBI 

DO to PAD 




0.03 


gX;!ai 

4.30 

0.03 

tpLZ 

Propagation Delay, 

1.82 

miijji 


0.00 



IB3I 

0.00 

tpZL 

OMC to PAD 

1.82 




2.36 

3.61 


0.02 


Propagation Delay, 




0.00 



2.64 

0.00 

tpZL 

TDO to PAD 



4.40 

0.03 

2.63 

4.13 


0.03 

tpLZ 

Propagation Delay, 

2.08 

2.08 

2.09 


2.82 

2.83 


0.00 

tpZL 

UDDR to PAD 

2.08 




2.82 



0.03 

tr 

Output Rise Time, PAD 

0.00 

0.01 


0.00 



0.01 


tf 

Output Fall Time, PAD 

0.53 


ESI 

0.05 

0.64 

3.54 

6.44 


tr 

Output Rise Time, TDO 

0.63 

MaEicM 

acfrfcii 


0.87 

0.87 

0.87 

0.00 

tf 

Output Fall Time, TDO 

0.41 

0.41 


0.00 


0.52 

0.52 

0.00 
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BN80DJ BNL80DJ 


MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


3.3/3.3 V 


tpLH Propagation Delay 
tpHL IPTtoDI 

tpLH Propagation Delay 
TDO to Dl 


tpLH Propagation Delay, 
tpHL 


tr Output Rise Time, Dl 
tf Output Fall Time, Dl 0.24 0.25 

Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


K (ns/pF) 



TTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


5/5 V 


Parameter 


pF=50 |pF=100TK (ns/pF) 


BN80DJ 


3.3/3.3 V 


pF=50 pF=100 


BNL80DJ 



Propagation Delay, 
■ UDDR to PAD 


tr Output Rise Time, PAD 

0.00 0.01 

tf Output Fall Time, PAD 

0.53 2.88 


r Output Rise Time, TDO 

0.63 

I Output Fall Time, TDO 

0.41 


1.35 

3.20 

2.53 

2.53 

11^ 

IK&9I 

2.69 

2.69 

2.69 

4.49 

2.88 

iKB^I 



1 0.87 

0,87 1 



Rev. 1.07 


K (ns/pF) 


1.13 

0.00 

0.95 

0.00 

1.40 

5.05 

0.00 

0.04 

liSK^IIIi 

mi^Qiiiiii 

IIIQgQIlll 

2.70 

0.00 

6.29 

0.04 

lEll^llllii 

MtMM 

0.00 

0.04 

0.00 

6.44 

0.06 

0.87 

0.00 

0.52 

0.00 
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MOTOROLA TECHNICAL DATA 


BN80DJ BNL80DJ 


CMOS/TTL TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 




Hold Time, CKDR to SHDR 

■ Hold Time, CKDR to TDI 

■ Pulse Width, CKDR(L) 

■ Pulse Width, CKDR(H) 

■ Pulse Width, UDDR(H) 


Rev. 1.07 


Minimum Requirement 


BNL80DJ 


Uu 

Set Up Time, SHDR to CKDR 

0.31 

0.53 

tsu 

Set Up Time, TDI to CKDR 

0.13 

0.26 

th 

Hold Time, CKDR to DO 

0.15 

0.17 

th 

Hold Time, CKDR to IPT 

-0.01 

-0.09 




FUNCTIONAL DIAGRAM: BNxODJ 
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BN160DJ BNL160DJ 


MOTOROLA TECHNICAL DATA 


Non-Inverting Open-Drain 
Bidirectional Output Buffers - JTAG 
(3.3 V and 5 V System/Core Voltage) 


MACRO 

SECTIONS USED 

All 

1/0 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

BIC,DI,TDO/ 

DO,CKDR,UDDR,IMC,SHDR, 

TDLOMC.IPT 


MACRO 

INPUT CAP. 

All 

CKDRJDI: 0.04pF 

DO: 0.19pF 

IMC,OMC,SHDR,UDDR: 

O.IOpF 

IPT: 0.22pF 


FUNCTION TABLE 


JTAG 1 

DO 

PAD 

L 

L 

H 

Z 


IPT 

Dl 

L 

H 

H 

L 


JTAG 


For JTAG TruthTable Information, See 
Table 7-2:JTAG Logic Truth Tables - 
Bidirectionals on page 7-182 in this 
_Manual._ 


MACRO 

OUTPUT CAP. 

All 

PAD: 4.96pF 


5/5 V BN160DJ 

3.3/3-3 V BNL160DJ 



DO Dl 

BN160DJ 


BNL160DJ 



CKDR 


UDDR 


IMG 

— 

SHDR 


TDI 

•— 

OMC TDO 


IPT 



XXX 

PAD 


CMOS SWITCHING CHARACTERISTICS 

(input Edge Rate tr,tf=1.00ns) TJ= 25.Q°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

pF=0 

pF=50 

pF=100 

K (ns/pF) 

pF=0 

pF=50 

pF=100 

K (ns/pF) 


BN160DJ 

BNL160DJ 


Propagation Delay, 


0.76 



1.13 

1.13 


0.00 


CKDR to TDO 


0.68 


0.00 




0.00 


Propagation Delay, 

1.01 

Bligi 

1.02 

0.00 

1.39 

1.39 


0.00 


DO to PAD 



2.71 

0.02 

1.35 

2.35 

3.35 

0.02 

fpLZ 

Propagation Delay, 

1.72 

1.73 

1.73 

0.00 

2.23 

2.24 

2.24 

0.00 

tpZL 

OMC to PAD 

1.72 

2.42 

3.12 

0.01 



3.93 

0.02 

tpLZ 

Propagation Delay, 

1.94 

1.94 

1.95 

0.00 


2.69 

2.69 

0.00 

tpZL 

TDO to PAD 

1.94 




2.68 

3.68 


0.02 

tpLZ 

Propagation Delay, 


wavM 

2.13 

0.00 

2.89 

2.89 

2.90 

0.00 

tpZL 

UDDR to PAD 

tsm 


igcfiai 

0.02 

2.89 

3.89 

4.89 

0.02 

tr 


0.00 



0.00 

IsliU 

■ifiM 

0.01 

0.00 

tf 

Output Fall Time, PAD 

0.53 



mosSH 



4.14 

0.03 

tr 

Output Rise Time, TDO 

0.63 


0.63 

0,00 

0.87 

0.87 

BEE3I 

0.00 

tf 

Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 

0.52 

0.52 


0.00 
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MOTOROLA TECHNICAL DATA 


BN160DJ BNL160DJ 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

FO=0 

FO=2 

FO=8 

K (ns/pF) 






BN160DJ 

BNL160DJ 

tpLH 

Propagation Delay, 

0.51 

0.52 

0.56 

0.13 



KEEI 


tpHL 

IMG to Dl 

MilklM 

0.78 


0.22 





tpLH 

Propagation Delay, 


0.17 


0.12 


gilcM 

HE3i 

0.19 

tpHL 

IPT to Dl 


0.34 

KESH 

0.18 



beei 

0.21 

Vlh 

Propagation Delay, 




0.13 





tpHL 

TDO to Dl 



KSBH 

0.21 


ItT 


0.27 

tpLH 

Propagation Delay, 




0.13 



1.33 

0.19 

tpHL 

UDDR to Dl 

1.05 

heb 


0.22 



1.65 

0.31 

tr 

Output Rise Time, Dl 

0.20 



0.22 




0.35 

tf 

Output Fall Time, Dl 

0.24 

0.25 


0.19 

i 0.24 

0.27 

0.35 

0.26 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


TTL SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


Rev. 1.07 
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BN160DJ BNL160DJ 


MOTOROLA TECHNICAL DATA 


CMOS/TTL TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0oC (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

Minimum Requirement 

Minimum Requirement 


BN160DJ 

BNL160DJ 


Set Up Time, DO to CKDR 

0.66 

0.99 

Uu 

Set Up Time, IPT to CKDR 

0.66 

1.02 

iillEH 

Set Up Time, SHDR to CKDR 

0.31 

0.53 

Idi 

Set Up Time, TDI to CKDR 

0.13 

0.26 

th 

Hold Time, CKDR to DO 

0.15 

0.17 

th 

Hold Time, CKDR to IPT 

-0.01 

-0.09 

‘h 

Hold Time, CKDR to SHDR 

0.15 

0.23 

th 

Hold Time, CKDR to TDI 

0.31 

0.41 

tw 

Pulse Width, CKDR(L) 

0.41 

0.68 

‘w 

Pulse Width, CKDR(H) 

0.77 

1.18 

tw 

Pulse Width, UDDR(H) 

0.74 

1.04 


NOTE: For Functional Diagram see page 7- 79 


MOTOROLA 

7-82 


H4CPIUS Series Design Reference Guide 
























BN4TJ BNX4TJ BNLX4TJ BNL4TJ 

MOTOROLA TECHNICAL DATA 


Non - Inverting 3-State Bidirectional 
Output Buffers 

(3.3 V and 5 V System/Core Voltage) 


5/5 V 
5/3.3 V 
3.3/5 V 
3.3/3.3 V 


BN4TJ 

BNX4TJ 

BNLX4TJ 

BNL4TJ 


MACRO 

SECTIONS USED 

All 

1/0 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

BIC,DI,TDO/ 

DO,EN,CKDR,UDDR,IMC,SHDR, 

TDI,OMC,IPT 


MACRO 

INPUT CAP. 

ALL 

CKDRJDI: 0.04pF 

DOJPT; 0.24pF 
EN:0.21pF 

IMC,OMC,SHDR,UDDR: O.IOpF 


MACRO 

OUTPUT CAP. 

ALL 

PAD: 4.96pF 


FUNCTION TABLE 



I I I 



EN DO 

Dl 


CKDR 


— 

UDDR 


— 

IMG 


— 

SHDR 


— 

TDI 

TDO 

BN4TJ 
BNX4TJ 
RNI XAT.I 

OMC 

IPT 


BNL4TJ 




-BIC 


XX 


XXX 

PAD 


CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._«_Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

pF=0 

pF=50 

pF=100 

K (ns/pF) 

pF=0 

pF=50 

pF=100 

K(ns/pF) 1 


BN4TJ 

BNLX4TJ 

tpLH 

Propagation Delay, 

0.70 

0.70 

0.70 

0.00 

0.70 

0.70 

0.70 

0.00 

tpHL 

CKDR to TDO 

0.72 

0.72 

0.72 

0.00 

0.72 

0.72 

0.72 

0.00 

tpLZ 

Propagation Delay, 

0.99 

3.24 

5.49 

0.05 

1.04 

3.29 

5.54 

0.05 

tpZL 

DO to PAD 

1.02 

2.97 

4.92 

0.04 

0.83 

2.88 

4.93 

0.04 

tpLZ 

Propagation Delay, 

0.83 

0.83 

0.84 

0.00 

1.06 

1.07 

1.07 

0.00 

tpZL 

EN to PAD 

0.92 

2.92 

4.92 

0.04 

1.16 

3.51 

5.86 

0.05 

tpZH 

Propagation Delay, 

0.84 

3.14 

5.44 

0.05 

0.89 

3.19 

5.49 

0.05 

tpHZ 

EN to PAD 

0.83 

0.84 

0.84 

0.00 

0.88 

0.89 

0.89 

0.00 

tpLZ 

Propagation Delay, 

1.44 

3.69 

5.94 

0.05 

1.49 

3.74 

5.99 

0.05 

tpZL 

OMC to PAD 

1.59 

3.54 

5.49 

0.04 

1.40 

109 


0.04 

tpLZ 

Propagation Delay, 

1.98 

4.23 

6.48 

0.05 

2.04 

KEM 


0.05 

tpZL 

TDO to PAD 

2.01 

3.96 

5.91 

0.04 

1.83 



0.04 

tpLZ 

Propagation Delay, 

2.08 

4.33 

6.58 

0.05 

2.13 

Uslsl 

■HTrfcM 

0.05 

tpzL 

UDDR to PAD 

2.20 

4.15 

6.10 

0.04 

2.01 


HOSH 

0.04 

tr 

Output Rise Time, PAD 

0.38 

5.53 

10.68 

0.10 




0.10 

tf 

Output Fall Time, PAD 

0.37 

4.17 

7.97 

0.08 

MSESiM 


KSB 

0.09 

tr 

Output Rise Time, TDO 

0.63 

0.63 

0.63 

0.00 




0.00 

tf 

Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 

1 0.41 

0.41 


0.00 
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BN4TJ BNX4TJ BNLX4TJ BNL4TJ 



MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

FO=0 

FO=2 

FO=8 

K (ns/pF) 


BN4TJ 

BNLX4TJ 

tpLH 

Propagation Delay, 

0.75 

0.77 

0.84 

0.22 

0.75 

0.77 

0.84 

0.22 

tpHL 

IMG to Dl 

0.51 

0.52 

0.56 

0.13 

0.51 

0.52 

0.56 

0.13 

tpLH 

Propagation Delay, 

0.16 

0.17 

0.20 

0.12 

0.16 

0.17 

0.20 

0.12 

tpHL 

IPT to Dl 

0.32 

0.34 

0.40 

0.18 

0.32 

0.34 

0.40 

0.18 

tpLH 

Propagation Delay, 

0.79 

0.80 

0.84 

0.13 

0.79 

0.80 

0.84 

0.13 

tpHL 

TDO to Dl 

0.88 

0.90 

0.97 

0.21 

0.88 

0.90 

0.97 

0.21 

tpLH 

Propagation Delay, 

0.89 

0.91 

0.95 

0.13 

0.89 

0.91 

0.95 

0.13 

tpHL 

UDDRto Dl 

1.05 

1.08 

1.14 

0.22 

1.05 

1.08 

1.14 

0.22 

tr 

Output Rise Time, Dl 

0.63 

0.63 

0.63 

0.00 

0.20 

0.23 

0.29 

0.22 

tf 

Output Fall Time, Dl 

0.41 

0.41 

0.41 

0.00 

0.24 

0.25 

0.31 

0.19 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/3.3 V 

3.3/3.3 V 

pF=0 

pF=50 

pF=100 

K (ns/pF) 

pF=0 

pF=50 

pF=100 

K (ns/pF) 


BNX4TJ 

BNL4TJ 

tpLH 

Propagation Delay, 

1.04 

1.04 

1.04 

0.00 

1.04 

1.04 

1.04 

0.00 

tpHL 

CKDR to TDO 


1.01 

1.01 

0.00 

1.01 

1.01 

1.01 

0.00 

¥l_Z 

Propagation Delay, 



6.18 

0.04 

1.36 

4.56 


0.06 

VZL 

DO to PAD 




0.06 

1.37 

3.72 



tpLZ 

Propagation Delay, 

1.23 




1.07 

1.07 



tpZL 

EN to PAD 

1.34 


k&ei 

0.06 

1.15 

3.60 



tpZH 

Propagation Delay, 

1.47 



0.05 

1.16 

4.46 


0.07 

tpHZ 

EN to PAD 

1.44 



0.00 

1.13 

1.14 


0.00 

^PI_Z 

Propagation Delay, 

2.30 



0.04 

1.98 

5.18 

8.38 

0.06 

'PZL 

OMC to PAD 

2.62 




2.13 

4.38 

6.63 


tpLZ 

Propagation Delay, 

3.15 


7.65 

0.04 

2.82 

6.02 

9.22 


tpZL 

TDO to PAD 

3.38 

6.28 

9.18 

0.06 

2.86 

5.11 

7.36 

0.04 


Propagation Delay, 


5.47 

7.72 


2.90 

6.10 

9.30 

0.06 

tpZL 

UDDR to PAD 


6.45 

9.35 

0.06 

3.05 

5.30 

7.55 


tr 


0.43 

5.58 

10.73 

0.10 

0.48 

7.63 

14.78 


tf 

Output Fall Time, PAD 




0.11 


5.09 

9.74 

0.09 

tr 

Output Rise Time, TDO 

B£Q|| 



0.00 


0.87 

0.87 

0.00 

tf 

Output Fall Time, TDO 

0.52 

0.52 


0.00 


0.52 

0.52 
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MOTOROLA TECHNICAL DATA 


BN4TJ BNX4TJ BNLX4TJ BNL4TJ 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

FO=0 

FO=2 

FO=8 

K(ns/pF) 

FO=0 

FO=2 

FO=8 

K(ns/pF) 


BNX4TJ 

BNL4TJ 

■an 

Propagation Delay, 

1.07 

1.10 

1.19 

0.31 

1.07 

1.10 

1.19 

0.31 

tpHL 

IMG to Dl 

0.68 

0.70 


0.19 

0.68 

0.70 

0.76 

0.19 

HSH 


0.28 

0.29 





0.34 

0.16 

tpHL 


0.48 

0.50 

0.57 

0.23 

»ig?ai 



0.23 

WBMM 

Propagation Delay, 

■BQIi 


1.25 

0.19 



1.25 

0.19 


TDO to Dl 



1.44 

0.31 

1.32 

■ESI 

1.44 

0.31 

tpLH 

Propagation Delay, 

1.25 

1.27 

BEEI 

0.19 

1.25 

1.27 

1.33 

0.19 

tpHL 

UDDR to Dl 

1.52 

1.55 



1.52 

1.55 

1.65 

0.31 

tr 

Output Rise Time, Dl 

0.18 

0.21 


0.35 

0.18 


0.32 

0.35 

tf 

Output Fall Time, Dl 

0.24 

0.27 

0.35 

0.26 

0.24 


0.35 

0.26 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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BN4TJ BNX4TJ BNLX4TJ BNL4TJ 


MOTOROLA TECHNICAL DATA 


TTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/3.3 V 

3.3/3.3 V 

pF=0 

pF=:50 

pF=100 

K(ns/pF) 

pF=0 





BNX4TJ 

BNL4TJ 

tpLH 

Propagation Delay, 

1.04 

1.04 

1.04 

0.00 

18 M 


1.04 

0.00 

tpHL 

CKDR to TDO 

1.01 

1.01 

1.01 

0.00 

BEQI 


1.01 

0.00 

tpLZ 

Propagation Delay, 

1.59 

2.74 

3.89 

0.02 




0.05 


DO to PAD 

2.02 

6.57 

11.12 

0.09 

1.41 


7.21 

0.06 

tpLZ 

Propagation Delay, 

1.33 

1.34 

1.34 

0.00 

1.10 

1.10 

1.11 

0.00 

VZL 

EN to PAD 

1.44 

5.94 

10.44 

0.09 

1.11 

1.11 

1.12 

0.00 

tpZH 

Propagation Delay, 

1.37 

2.52 

3.67 

0.02 

1.19 

4.19 

7.19 

0.06 

Vhz 

EN to PAD 

1.35 

1.35 

1.36 

0.00 

1.11 

3.66 

6.21 

0.05 

tpLZ 

Propagation Delay, 

2.21 

3.36 

4.51 

0.02 

1.93 

4.43 

6.93 

0.05 

tpZL 

OMC to PAD 

2.72 

7.27 

11.82 

0.09 

2.17 

4.97 

7.77 

0.06 

tpLZ 

Propagation Delay, 

3.06 

4.16 

5.26 

0.02 

2.78 

5.23 

7.68 

0.05 

tpZL 

TDO to PAD 

3.47 

8.02 

12.57 

0.09 

2.90 

5.65 

8.40 

0.05 

tpLZ 

Propagation Delay, 

3.13 

4.28 

5.43 

0.02 

2.85 

5.30 

7.75 

0.05 

tpZL 

UDDR to PAD 

3.64 

8.19 

12.74 

0.09 

3.09 

5.89 

8.69 

0.06 

tr 

Output Rise Time, PAD 

0.43 

5.58 

10.73 

0.10 

0.48 

7.63 

14.78 

0.14 

tf 

Output Fall Time, PAD 

0.34 

6.09 

11.84 

0.11 

0.44 

5.09 

9.74 

0.09 

tr 

Output Rise Time, TDO 

0.87 

0.87 

0.87 

0.00 

0.87 

0.87 

0.87 

0.00 

tf 

Output Fall Time, TDO 

0.52 

0.52 

0.52 

0.00 

0.52 

0.52 

0.52 

0.00 


CMOS/TTL TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

Minimum Requirement 

Minimum Requirement 


BN4TJ 

BNLX4TJ 

tsu 

Set Up Time, DO,SHDR to CKDR 

0.33 

0.33 

tsu 

Set Up Time, EN to CKDR 

0.63 

0.62 

tsu 

Set Up Time, IPT to CKDR 

0.67 

0.67 

tsu 

Set Up Time, TDI to CKDR 

0.13 

0.13 

th 

Hold Time, CKDR to DO.SHDR 

0.15 

0.15 

th 

Hold Time, CKDR to EN 

0.11 

0.12 

th 

Hold Time, CKDR to IPT 

0.00 

0.00 

th 

Hold Time, CKDR to TDI 

0.31 

0.31 

tw 

Pulse Width, CKDR(L) 

0.42 

0.42 

tw 

Pulse Width, CKDR(H) 

0.78 

0.78 

tw 

Pulse Width, UDDR(H) 

0.75 

0.75 
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BN4TJ BNX4TJ BNLX4TJ BNL4TJ 


MOTOROLA TECHNICAL DATA 


CMOS/TTL TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) ail units are in ns. Rev. 1.07 


Sym 

Parameter 

5/3.3V 

3.3/3.3 V 

Minimum Requirement 

Minimum Requirement 


BNX4TJ 

BNL4TJ 

Uu 

Set Up Time, DO to CKDR 

0.62 

0.62 

tsu 

Set Up Time, EN to CKDR 

1.16 

0.99 

Uu 

Set Up Time, IPT to CKDR 

1.03 

1.03 

^su 

Set Up Time, SHDR to CKDR 

0.53 

0.53 

^su 

Set Up Time, TDI to CKDR 

0.26 

0.26 

th 

Hold Time, CKDR to DO 

0.19 

0.20 

th 

Hold Time, CKDR to EN 

0.01 

0.07 


Hold Time, CKDR to IPT 

-0.08 

-0.08 

th 

Hold Time, CKDR to SHDR 

0.23 

0.23 

th 

Hold Time, CKDR to TDI 

0.41 

0.41 

tw 

Pulse Width, CKDR(L) 

0.72 

0.72 

tw 

Pulse Width, CKDR(H) 

1.18 

1.18 

tw 

Pulse Width, UDDR(H) 

1.05 

1.05 
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BN4TJ BNX4TJ BNLX4TJ BNL4TJ 


MOTOROLA TECHNICAL DATA 


FUNCTIONAL DIAGRAM: BNXTJ 



PAD 
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BN8TJ BNX8TJ BNLX8TJ BNL8TJ 


MOTOROLA TECHNICAL DATA 


Non-Inverting 3-State Bidirectional 5/5 V 

Output Buffers - JTAG 5/3.3 V 

(3.3 V and 5 V System/Core Voltage) 3.3/5 V 

3.3/3.3 V 


BN8TJ 

BNX8TJ 

BNLX8TJ 

BNL8TJ 


MACRO 

SECTIONS USED 

All 

1/0 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

BIC.DI.TDO/ 

DO.EN.CKDR.UDDR.IMC.SMDR. 

TDI.OMC.IPT 


MACRO 

INPUT CAP. 

ALL 

CKDR.TDI; 0.04pF 

DO.IPT: 0.24pF 
EN:0.21pF 

IMC.OMC.SHDR.UDDR: O.IOpF 


MACRO 

OUTPUT CAP. 

ALL 

PAD: S.IOpF 


FUNCTION TABLE 



BN8TJ 

BNX8TJ 

BNLX8TJ 

BNL8TJ 


I I I 



EN DO Dl 


CKDR 

■— 

UDDR 

■— 

IMG 

*— 

SHDR 

— 

TDO 


OMC 


IPT 


T 


XX 


XXX 

PAD 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 








lariiBHaii 


BN8TJ 

BNLX8TJ 

tpLH 

Propagation Delay, 



0-70 





0.00 

tpHL 

CKDR to TDO 

WHHM 







0.00 


Propagation Delay, 




0.03 

1.34 


mgQii 

0.03 


DO to PAD 


muji 



1.16 


MclIctJl 

0.02 

iHStBli 

Propagation Delay, 

0.91 

0.91 


0.00 

1.26 

1.26 


0.00 

VZL 

EN to PAD 




0.03 

1.35 



0.02 

VZH 

Propagation Delay, 

0.75 


MeMeUi 

0.03 

1.19 



0.03 

tpHZ 

EN to PAD 

0.73 

0.74 

MiW 

0.00 

1.18 

1.18 




Propagation Delay, 



3.97 

0.03 

1.79 

3.14 

4.49 

0.03 

VZL 

OMC to PAD 

1.65 

2.90 

4.15 

0.03 

iiW 


3.61 


tpLZ 

Propagation Delay, 





HCTclcM 

3.68 


0.03 

VZL 

TDO to PAD 


keih 


0.03 


3.25 


0.02 

tpL2 

Propagation Delay, 





2.43 

3.78 


0.03 

^PZL 

UDDR to PAD 



mijii 


2.33 

3.43 


0.02 

tr 

Output Rise Time, PAD 

0.29 



0.06 


3.54 


0.06 

tf 

Output Fall Time, PAD 

0.49 

IQ 2 H 

4.99 

0.05 


2.84 

iKDEI 

0.05 

tr 

Output Rise Time, TDO 


0.63 

0.63 

0.00 




0.00 

tf 

Output Fall Time, TDO 

0.41 


0.41 

0.00 



0.41 

0.00 
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BN8TJ BNX8TJ BNLX8TJ BNL8TJ 

MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns.__Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

FO=0 

FO=2 

FO=8 

K(ns/pF) 

FO=0 

FO=:2 

FO=8 

K(ns/pF) 1 


BN8TJ 

BNLX8TJ 


Propagation Delay, 


0.77 

0.84 

0.22 

0.75 

0.77 

0.84 


tpHL 

IMG to Dl 


0.52 


0.13 



0.56 

0.13 

tpLH 

Propagation Delay, 

KIQi 

0.17 


0.12 


0.17 

0.20 

0.12 


IPT to Dl 

KESI 

KEQH 


0.18 




0.18 

m-Aim 

Propagation Delay, 


IKESI 

KEs&H 

0.13 



0.84 

0.13 

tpHL 

TDO to Dl 

0.88 



0.21 

0.88 

0.90 

0.97 

0.21 

tpLH 

Propagation Delay, 


0.91 


0.13 

0.89 

0.91 


0.13 

tpHL 

UDDR to Dl 

1.05 

1.08 


0.22 



1.14 

0.22 

tr 

Output Rise Time, Dl 

0.20 

0.23 


0.22 

0.20 

0.23 

0.29 


tf 

Output Fall Time, Dl 

0.24 

0.25 


0.19 

0.24 

0.25 


0.19 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/3.3 V 

3.3/3.3 V 

pF=0 

pF=50 

o 

O 

Jl 

K(ns/pF)| 






BNX8TJ 

BNL8TJ 

tpLH 

Propagation Delay, 

1.04 

1.04 

1.04 

0.00 




HQgQIll 

tpHL 

CKDR to TDO 

1.01 

1.01 

1.01 

0.00 

1.01 

1.01 

1.01 

0.00 

Vlz 

Propagation Delay, 

2.03 

3.38 

4.73 

0.03 

BUS 


5.00 

0.04 

tpZL 

DO to PAD 

2.04 

3.59 

5.14 

0.03 



4.49 

0.03 

tpLZ 

Propagation Delay, 

1.47 

1.48 

1.48 

0.00 

HEM 

1.20 

1.20 

0.00 

tpZL 

EN to PAD 

1.57 

3.07 

4.57 

0.03 

BQH 

2.77 

4.27 

0.03 

tpZH 

Propagation Delay, 

1.85 

3.25 

4.65 

0.03 

1.10 

IQgll 


0.04 

tpHZ 

EN to PAD 

1.84 

1.85 

1.85 

0.00 

1.07 


1.08 

0.00 

tpi_z 

Propagation Delay, 

2.65 

4.00 

5.35 

0.03 

1.92 


5.62 

0.04 

tpZL 

OMC to PAD 

2.72 

4.27 

5.82 

0.03 

IQQI 

3.68 


0.03 

tpLZ 

Propagation Delay, 

3.50 

4.85 

6.20 

0.03 


BSI 

BSSSil 

0.04 

tpZL 

TDO to PAD 

3.45 

5.00 

6.55 

0.03 

W3^M 

beei 

lESI 

0.03 

'PLZ 

Propagation Delay, 

3.57 

4.92 

6.27 

0.03 

IQggi 


IIQQ3II 

0.04 

tpZL 

UDDR to PAD 

3.64 

5.14 

6.64 

0.03 




0.03 

tr 

Output Rise Time, PAD 


3.63 


0.06 

0.35 

4.40 

8.45 

0.08 

tf 

Output Fall Time, PAD 


3.41 


0.06 

0.59 

3.34 

6.09 

0.05 

‘r 

Output Rise Time, TDO 



0.87 

0.00 

0.87 

0.87 

0.87 

0.00 

tf 

Output Fall Time, TDO 

0.52 

0.52 

0.52 

0.00 

0.52 

0.52 

0.52 

0.00 
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BN8TJ BNX8TJ BNLX8TJ BNL8TJ 


MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

FO=:0 

FO=2 

FO=8 

K(ns/pF) 

FO=0 

FO=2 

FO=8 

K (ns/pF) 


BNX8TJ 

BNL8TJ 

Vlh 

Propagation Delay, 

1.07 

1.10 

1.19 

0.31 

1.07 

1.10 

1.19 

0.31 

tpHL 

IMG to Dl 

0.68 

0.70 

0.76 

0.19 

0.68 

0.70 

0.76 

0.19 

Vlh 

Propagation Delay, 

0.28 

0.29 

0.34 

0.16 

0.28 

0.29 

0.34 

0.16 

tpHL 

IPT to Dl 

0.48 

0.50 

0.57 

0.23 

0.48 

0.50 

0.57 

0.23 

H 9 BB 

Propagation Delay, 

1.17 

1.19 

1.25 

0.19 

BQII 



0.19 

HI 39 I 

TDO to Dl 

1.32 

1.35 

1.44 

0.31 




0.31 

HE 80 I 

Propagation Delay, 

1.25 

1.27 

1.33 

0.19 




0.19 

HS 99 i 

UDDR to Dl 

1.52 

1.55 


HEDH 



1.65 

0.31 

tr 

Output Rise Time, Dl 


0.21 

KE 3 I 

HSEEH 

IQQII 


0.32 

0.35 

tf 

Output Fall Time, Dl 


0.27 


0.26 

IQggi 



0.26 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


TTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

pF=0 

pF=50 

pF=100 

K (ns/pF) 

pF=0 

pF=50 

pF=100 

K (ns/pF) 


BN8TJ 

BNLX8TJ 

tpLH 

Propagation Delay, 

0.70 

0.70 

0.70 

0.00 

0.70 



0.00 

tpHL 

CKDR to TDO 

0.72 

0.72 

0.72 

0.00 


0.72 

WSSEM 

0.00 

tpLZ 

Propagation Delay, 

0.85 

1.50 


0.01 



KEB 

0.02 

tpZL 

DO to PAD 

1.20 

3.10 

5.00 

0.04 

1.22 



0.03 

^PLZ 

Propagation Delay, 

1.01 




1.30 



0.00 

tpZL 

EN to PAD 

1.11 



0.04 

1.40 


kesi 

0.03 

tpZH 

Propagation Delay, 

0.67 



0.01 

1.12 


hbi 

0.02 

tpHZ 

EN to PAD 

0.66 



0.00 

1.11 

1.11 


0.00 

tpLZ 

Propagation Delay, 


1.95 


0.01 


IQjJII 

KESI 

0.02 

tpZL 

OMC to PAD 


3.61 


0.04 

MWFM 


KEEH 

0.03 

Vlz 

Propagation Delay, 

1.84 

2.49 

WKtMEM 

0.01 

2.26 

3.31 

4.36 

0.02 

tpZL 

TDO to PAD 

2.19 

4.04 

5.89 

0.04 



beb 

0.03 

tpLZ 

Propagation Delay, 

1.93 

2.58 

3.23 

0.01 



KR|B 

0.02 

^PZL 

UDDR to PAD 

2.38 

4.23 

6.08 

0.04 

2.38 

3.73 

5.08 

0.03 

tr 

Output Rise Time, PAD 

0.29 

3.24 

6.19 

0.06 


KBI 

6.49 

0.06 

tf 


0.49 

2.74 

■SB 

0.05 




0.05 

tr 

Output Rise Time, TDO 


0.63 

mm 

0.00 




0.00 

tf 

Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 

0.41 



0.00 
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BN8TJ BNX8TJ BNLX8TJ BNL8TJ 


MOTOROLA TECHNICAL DATA 


TTL SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


Rev. 1.07 



CMOS/TTL TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 
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BN8TJ BNX8TJ BNLX8TJ BNL8TJ 

MOTOROLA TECHNICAL DATA ■■■■■■■■■ 


CMOSHTL TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/3.3V 

3.3/3.3 V 

Minimum Requirement 

Minimum Requirement 


BNX8TJ 

BNL8TJ 

fsu 

Set Up Time, DO to CKDR 

0.63 

0.61 

tsu 

Set Up Time, EN to CKDR 

1.13 

1.00 

tsu 

Set Up Time, IPT to CKDR 

1.03 

1.03 

fsu 

Set Up Time, SHDR to CKDR 

0.53 

0.53 

fsu 

Set Up Time, TDI to CKDR 

0.26 

0.26 

th 

Hold Time, CKDR to DO 

0.20 

0.20 

th 

Hold Time, CKDR to EN 

0.01 

0.05 

‘h 

Hold Time, CKDR to IPT 

-0.08 

-0.08 


Hold Time, CKDR to SHDR 

0.23 

0.23 

th 

Hold Time, CKDR to TDI 

0.41 

0.41 

tw 

Pulse Width, CKDR(L) 

0.72 

0.72 

tw 

Pulse Width, CKDR(H) 

1.18 

1.18 

tw 

Pulse Width, UDDR(H) 

1.05 

1.05 


NOTE: 

For Functional Diagram see page 7-88 
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BN16TJ BNLX16TJ BNL16TJ 

motorola technical data 


Non-Inverting 3-State Bidirectional 

Output Buffers - JTAG 

(3.3 V and 5 V System/Core Voltage) 


5/5 V BN16TJ 

3.3/5 V BNLX16TJ 

3.3/3.3V BNL16TJ 


MACRO 

SECTIONS USED 

All 

1/0 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

BIC.DI.TDO/ 

DO,EN,CKDR,UDDR,IMC,SHDR, 

TDI.OMC.IPT 


MACRO 

INPUT CAP. 

ALL 

CKDR.TDI; 0.04pF 
DO,EN,IPT: 0.24pF 
IMC,OMC,SHDR,UDDR: O.IOpF 


MACRO 

OUTPUT CAP. 

ALL 

PAD: 5.76pF 


FUNCTION TABLE 


JTAG 1 

DO 

EN 

PAD 

L 

H 

L 

H 

H 

H 

X 

L 

Z 


IPT 

Dl 

L 

H 

H 

L 


_ JTAG _ 

For JTAG Truth Table Information, See 
Table 7-2, “JTAG Logic Truth Tables - 
Bidirectionals,” on page 7-182 in this 
Manual. 


I i . 1 



EN DO Dl 


CKDR 

•— 

UDDR 

—— 

IMG 

— 

SHDR 

— 

™ TDO 


OMC 

BN16TJ 


BNLX16TJ 


BNL16TJ 

IPT 


IPT 


\ --BIC 


XX 


XXX 

PAD 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5«"V 

3.3/5 V 

pF=0 

pF=50 

l_T_ 

pF=100 

K (ns/pF) 

pF=0 

pF=50 

pF=100 

K (ns/pF) 


BN16TJ 

BNLX16TJ I 

tpLH 

Propagation Delay, 

0.70 

0.70 

0.70 

0.00 

0.70 

0.70 

0.70 

0.00 

tpHL 

CKDR to TDO 

0.72 

0.72 

0.72 

0.00 

0.72 

0.72 

0.72 

0.00 

^PLZ 

Propagation Delay, 

1.05 

1.85 

2.65 

0.02 

1.30 

2.65 

4.00 

0.03 

tpZL 

DO to PAD 

1.18 

1.98 

2.78 

0.02 

1.07 

1.72 

2.37 

0.01 

tpLZ 

Propagation Delay, 

0.92 

0.92 

0.93 

0.00 

1.01 

1.01 

1.02 

0.00 

tpZL 

EN to PAD 

1.00 

1.85 

2.70 

0.02 

1.10 

1.75 

2.40 

0.01 

fpZH 

Propagation Delay, 

0.89 

1.74 

2.59 

0.02 

1.13 

2.53 

3.93 

0.03 

tpHZ 

EN to PAD 

0.88 

0.88 

0.89 

0.00 

1.12 

1.13 

1.13 

0.00 

tpLZ 

Propagation Delay, 

1.50 

2.30 

3.10 

0.02 

1.75 

3.10 

4.45 

0.03 


OMC to PAD 

1.73 

2.53 

3.33 

0.02 

1.61 

2.16 

2.71 

0.01 


Propagation Delay, 

2.04 

2.84 

3.64 

0.02 

2.29 

3.64 

4.99 

0.03 

tpZL 

TDO to PAD 


2.97 



2.05 

2.65 

3.25 

0.01 



IQQI 

2.94 


mm 

2.39 

3.74 

5.09 

0.03 

ISM 



MclMI 

3.95 

0.02 

2.23 

2.83 

3.43 

0.01 

tr 

Output Rise Time, PAD 



3.83 

0.03 

0.58 

3.53 

6.48 

0.06 

tf 

Output Fall Time, PAD 





0.46 

1.61 

2.76 

0.02 

tr 

Output Rise Time, TDO 



0.63 

0.00 

0.63 

0.63 

0.63 

0.00 

tf 

Output Fall Time, TDO 



0.41 

0.00 

0.41 

0.41 

0.41 

0.00 
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BN16TJ BNLX16TJ BNL16TJ 

MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 

(input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

FO=0 

FO=2 

FO=:8 

K (ns/pF) 

■bhhhhhhhhhh 

BN16TJ 

BNLX16TJ 

tpLH 

Propagation Delay, 

0.75 


0.84 

0.22 

0.75 

0.77 

0.84 

0.22 

tpHL 

IMC to Dl 

0.51 

■mi 

0.56 

0.13 

0.51 



0.13 

tpLH 

Propagation Delay, 

■mi 

■IQI 

0.20 

0.12 

0.16 



0.12 

tpHL 

IPT to Dl 

■mi 

■EOi 


0.18 




0.18 

■am 

Propagation Delay, 

0.79 

0.80 

■mi 

0.13 

0.79 

0.80 

0.84 

0.13 

_j 

I 

Q. 

TDO to Dl 

0.88 

0.90 

0.97 

0.21 

0.88 

0.90 

■Em 

0.21 

tpLH 

Propagation Delay, 

0.89 

0.91 

0.95 

0.13 

0.89 

0.91 


0.13 

tpHL 

UDDR to Dl 


1.08 

1.14 

0.22 



1.14 

0.22 

tr 

Output Rise Time, Dl 

0.20 

0.23 

0.29 

0.22 

0.20 

0.23 

0.29 

0.22 

tf 

Output Fall Time, Dl 

0.24 

0.25 

0.31 

0.19 

0.24 

0.25 

0.31 

0.19 


Capacitance per fanout = 0.05 pF (metal capacitance is not Included). 
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BN16TJ BNLX16TJ BNL16TJ 



MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

3.3/3.3 V 

FOi=0 

FO=2 

FO=8 

K(ns/pF) 


BNL16TJ 

tpLH 

Propagation Delay, 

1.07 

1.10 

1.19 

0.31 

^PHL 

IMG to Dl 

0.68 

0.70 

0.76 

0.19 

tpLH 

Propagation Delay, 

0.28 

0.29 

0.34 

0.16 

tpHL 

IPTtoDI 

0.48 

0.50 

0.57 

0.23 

tpLH 

Propagation Delay, 

1.17 

1.19 

1.25 

0.19 

tpHL 

TDO to Dl 

1.32 

1.35 

1.44 

0.31 

tpLH 

Propagation Delay, 

1.25 

1.27 

1.33 

0.19 

tpHL 

UDDR to Dl 

1.52 

1.55 

1.65 

0.31 

tr 

Output Rise Time, Dl 

0.18 i 

0.21 

0.32 

0.35 

tf 

Output Fall Time, Dl 

0.24 

0.27 

0.35 

0.26 


Capacitance per fanout = 0.05 pF (metal capacitance is not Included). 


TTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5V 

3.3/5 V 

pF=0 

pF=50 

pF=100 

K (ns/pF) 

pF=0 

pF=50 

pFnIOO 

K(ns/pF) 1 


BN16TJ 

BNLX16TJ 

msu 

Propagation Delay, 

0.70 

0.70 

0.70 

0.00 

0.70 



0.00 

■En 

CKDR to TDO 


0.72 

0.72 

0.00 

0.72 

0.72 

0.72 

0.00 

tpLZ 

Propagation Delay, 

0.92 



0.01 

1.23 

2.28 

3.33 

0.02 

VZL 

DO to PAD 

0.70 



0.00 

1,11 

1.86 

2.61 

0.01 


Propagation Delay, 


1^03 

1.04 

0.00 



1.06 

0.00 


EN to PAD 

1.12 



MEM 

1.14 

1.94 

2.74 

■EEOl 

tpZH 

Propagation Delay, 



1.65 

0.01 

1.06 

2.16 

3.26 

0.02 

'mam 

EN to PAD 



0.76 

0.00 



1.06 

0.00 

tpLZ 

Propagation Delay, 


1.82 

2.27 

0.01 

1.69 


3.79 

0.02 

tpZL 

OMC to PAD 



3.84 

0.02 

1.67 

1^3 

2.97 

0.01 

Vlz 

Propagation Delay, 

1.91 

2.36 

2.81 

0.01 

2.23 

3.28 


IIQIsgBI 

tpZL 

TDO to PAD 

2.27 

3.47 



2.10 

2.85 


OfOl_ 

tpLZ 

Propagation Delay, 



2.91 

0.01 

2.32 

3.37 

4.42 


VZL 

UDDR to PAD 



4.85 

0.02 

2.28 

3.03 


0.01 

tr 

Output Rise Time, PAD 

0.43 

2.13 

3.83 

0.03 



6.48 

0.06 

tf 

Output Fall Time, PAD 


iBESB 

hesb 

0.03 

0.46 

1.61 


0.02 

tr 





0.00 

0.63 

0.63 

MSfssm 

0.00 

tf 




0.41 

0.00 

0.41 

0.41 

mem 

0.00 
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BN16TJ BNLX16TJ BNL16TJ 

MOTOROLA TECHNICAL DATA ||_|_||||||||^ 


TTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

3.3/3.3 V 

_ _ . 

pFsO 

pF=50 

pF=100 

K (ns/pF) 


BNL16TJ 1 

tpLH 

Propagation Delay, 

1.04 

1.04 

1.04 

0.00 

tpHL 

CKDR to TDO 

1.01 

1.01 

1.01 

0.00 

fpLZ 

Propagation Delay, 

1.43 

2.33 

3.23 

0.02 

fpZL 

DO to PAD 

1.64 

2.84 

4.04 

0.02 

fpLZ 

Propagation Delay, 

1.26 

1.27 

1.27 

0.00 

fpZL 

ENto PAD 

1.34 

2.54 

3.74 

0.02 

tpZH 

Propagation Delay, 

1.20 

2.10 

3.00 

0.02 

fpHZ 

ENto PAD 

1.18 

1.19 

1.19 

0.00 

fpLZ 

Propagation Delay, 

2.05 

2.95 

3.85 

0.02 

fpZL 

OMC to PAD 

2.33 

3.33 

4.33 

0.02 

fpLZ 

Propagation Delay, 

2.91 

3.81 

4.71 

0.02 

VZL 

TDO to PAD 

3.05 

4.20 

5.35 

0.02 

fpLZ 

Propagation Delay, 

2.99 

3.89 

4.79 

0.02 

fpZL 

UDDR to PAD 

3.26 

4.41 

5.56 

0.02 

tr 

Output Rise Time, PAD 

0.53 

2.88 

5.23 

0.05 


Output Fall Time, PAD 

0.59 

2.29 

3.99 

0.03 

tr i 

Output Rise Time, TDO 

0.87 

0.87 

0.87 

0.00 

tf 

Output Fall Time, TDO 

0.52 

0.52 

0.52 

0.00 


CMOSHTL TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

Minimum Requirement 

Minimum Requirement 


BN16TJ 

BNLX16TJ 

tsu 

Set Up Time, DO,SHDR to CKDR 

0.33 

0.33 

tsu 

Set Up Time, EN to CKDR 

0.65 

0.65 

tsu 

Set Up Time, IPT to CKDR 

0.65 

0.67 

tsu 

Set Up Time, TDI to CKDR 

0.13 

0.13 

th 

Hold Time, CKDR to DO,SHDR 

0.14 

0.15 

th 

Hold Time, CKDR to EN 

0.08 

0.08 

th 

Hold Time, CKDR to IPT 

0.00 

0.00 

th 

Hold Time, CKDR to TDI 

0.31 

0.31 

tw 


0.42 

0.42 

tw 

Pulse Width, CKDR(H) 

0.78 

0.78 

tw 

Pulse Width, UDDR(H) 

0.75 

0.75 
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BN16TJ BNLX16TJ BNL16TJ 

MOTOROLA TECHNICAL DATA 


CMOS/TTL TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

3.3/3.3 V 

Minimum Requirement 

BNL16TJ 

tsu 

Set Up Time, DO to CKDR 

0.63 

tsu 

Set Up Time, EN,IPT to CKDR 

1.04 

^su 

Set Up Time, SHDR to CKDR 

0.53 

tsu 

Set Up Time, TDI to CKDR 

0.26 

th 

Hold Time, CKDR to DO 

0.19 

th 

Hold Time, CKDR to EN 

0.03 

th 

Hold Time, CKDR to IPT 

-0.08 

th 

Hold Time, CKDR to SHDR 

0.23 

th 

Hold Time, CKDR to TDI 

0.41 

tw 

Pulse Width, CKDR(L) 

0.72 

tw 

Pulse Width, CKDR(H) 

1.18 

tw 

Pulse Width, UDDR(H) 

1.05 


NOTE; 

For Functional Diagram see page 7-88 
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BN4TS2J BN8TS2J BN16TS2J 

MOTOROLA TECHNICAL DATA 


Non-Inverting 3-State Bidirectional Output 5/5 V BN4TS2J 

Buffers - JTAG With Slew Rate Control (S2) BN8TS2J 

(5 V System/Core Voltage) BN16TS2J 


MACRO 

SECTIONS USED 

All 

1/0 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

BIC.DI.TDO/ 

DO,EN,CKDR.UDDR.IMC,SHDR. 

TDI.OMC.IPT 


MACRO 

INPUT CAP. 

BN4TS2J.BN8TS2J 

CKDR.TDI: 0.04pF 

DO.IPT: 0.24pF 
EN:0.21pF 

IMC.OMC.SHDR.UDDR: O.IOpF 

BN16TS2J 

CKDR.TDI: 0.04pF 
DO.EN.IPT: 0.24pF 
IMC.OMC.SHDR.UDDR: O.IOpF 


MACRO 

OUTPUT CAP. 

BN4TS2J 

PAD: 4.96pF 

BN8TS2J 

PAD: 5.1 OpF 

BN16TS2J 

PAD: 5.76pF 


FUNCTION TABLE 


JTAG 1 

DO 

EN 

PAD 

L 

H 

L 

H 

H 

H 

X 

L 

Z 


IPT 

Dl 

L 

H 

H 

L 


JTAG 


For JTAG Truth Table Information, See 
Table 7-2, “JTAG Logic Truth Tables - 
Bidirectionals,” on page 7-182 
in this Manual. 



PAD 


CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/5 V 

pF=0 

pF=50 

pF=100 

K(ns/pF) 1 

BN4TS2J 

Vlh 

Propagation Delay, 

0.70 

0.70 

0.70 

0.00 

tpHL 

CKDR to TDO 

0.72 

0.72 

0.72 

0.00 

tpLH 

Propagation Delay, 

1.64 

3.94 

6.24 

0.05 

fpHL 

DO to PAD 

1.43 

3.43 

5.43 

0.04 

tpLZ 

Propagation Delay, 

1.24 

1.25 

1.25 

0.00 

tpZL 

EN to PAD 

1.33 

3.38 

5.43 

0.04 

fpZH 

Propagation Delay, 

1.49 

3.84 

6.19 

0.05 

N 

X 

CL 

EN to PAD 

1.49 

1.49 

1.50 

0.00 

tpLH 

Propagation Delay, 

2.09 

4.39 

6.69 

0.05 

tpHL 

OMC to PAD 

1.99 

3.94 

5.89 

0.04 

tpLH 

Propagation Delay, 

2.63 

4.93 

7.23 

0.05 

tpHL 

TDO to PAD 

2.42 

4.37 

6.32 

0.04 

tpLH 

Propagation Delay, 

2.72 

5.02 

7.32 

0.05 

tpHL 

UDDR to PAD 

2.61 

4.56 

6.51 

0.04 

•r 

Output Rise Time, PAD 

0.70 

5.80 

10.90 

0.10 

t, 

Output Fall Time, PAD 

0.55 

4.35 

8.15 

0.08 

tr 

Output Rise Time, TDO 

0.63 

0.63 

0.63 

0.00 

tf 

Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 
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BN4TS2J BN8TS2J BN16TS2J 


MOTOROLA TECHNICAL DATA 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


5/5 V 


Rev. 1.07 


Parameter 


pF=100 K(ns/pF) 


BN8TS2J 


Propagation Delay, 
CKDR to TDO 


Propagation Delay, 
DO to PAD 


Propagation Delay, 
EN to PAD 


Propagation Delay, 
EN to PAD 



)n Delay, 

2.03 

\D 

1.93 

)n Delay, 

2.57 

0 

2.36 



Propagation Delay, 
UDDR to PAD 


Output Rise Time, PAD 



Output Fall Time, PAD 

0.70 

Output Rise Time, TDO 

0.63 
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BN4TS2J BN8TS2J BN16TS2J 

MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

FO=0 

FO=2 

FO=8 

K(ns/pF) 1 

BN4TS2J 

tpLH 

Propagation Delay, 

0.75 

0.77 

0.84 

0.22 

tpHL 

IMG to Dl 

0.51 

0.52 

0.56 

0.13 

tpLH 

Propagation Delay, 

0.16 

0.17 

0.20 

0.12 

WESM 

IPT to Dl 

0.32 

0.34 

0.40 

0.18 

tpLH 

Propagation Delay, 




oTis 

tpHL 

TDO to Dl 

0.88 


KEEII 

0.21 

Vlh 

Propagation Delay, 

0.89 



0.13 

Vhl 

UDDR to Dl 



1.14 

0.22 

tr 

Output Rise Time, Dl 

0.20 

0.23 


0.22 

tf 

Output Fall Time, Dl 




0.19 

BN8TS2J 1 

X 
—1 
Q- 

Propagation Delay, 


0.77 


0.22 

tpHL 

IMG toDI 

H^QIII 

0.52 


0.13 

Vlh 

Propagation Delay, 

0.16 

0.17 


0.12 

Vhl 

IPT to Dl 

kesi 



0.18 

tpLH 

Propagation Delay, 

0.79 



0.13 

Vhl 

TDO to Dl 

0.88 

0.90 

10^31 

0.21 

tpLH 

Propagation Delay, 

0.89 

0.91 


0.13 

tpHL 

UDDR to Dl 


1.08 


0.22 

tr 

Output Rise Time, Dl 

0.20 

0.23 

IKifgll 

0.22 

tf 





0.19 

BN16TS2J 1 


Propagation Delay, 


IK&3I 

Mf;Mi 

0.22 


IMG to Dl 

H&H 


3blsjlsll 

0.13 

■sn 



B3QI 


0.12 

tpHL 

IPT to Dl 

0.32 

0.34 

0.40 

0.18 

tpLH 

Propagation Delay, 

0.79 

0.80 

0.84 

0.13 

tpHL 

TDO to Dl 

0.88 

0.90 

0.97 

0.21 

tpLH 

Propagation Delay, 

0.89 

0.91 

0.95 

0.13 

tpHL 

UDDR toDI 

1.05 

1.08 

1.14 

0.22 

tr 

Output Rise Time, Dl 

0.20 

0.23 

0.29 

0.22 

tf 

Output Fall Time, Dl 

0.24 

0.25 

0.31 

0.19 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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BN4TS2J BN8TS2J BN16TS2J 

MOTOROLA TECHNICAL DATA 


TTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/5 V 

pF=0 

__ 

pF=:50 

pF=100 

K(ns/pF) 1 

BN4TS2J I 

fpLH 

Propagation Delay, 



■iWM 

0.00 

fpHL 

CKDR to TDO 




0.00 

msm 

Propagation Delay, 

HKH 



0.02 


DO to PAD 




0.06 

tpLZ 

Propagation Delay, 


BiSI 


0.00 

tpZL 

EN to PAD 

1.45 



0.06 

fpZH 

Propagation Delay, 

1.31 

2.51 

3.71 

0.02 

tpHZ 

EN to PAD 

1.30 

1.31 

1.31 

0.00 


Propagation Delay, 

1.91 

3.11 

4.31 

0.02 


OMC to PAD 




0.06 

fpLH 

Propagation Delay, 

2.45 



0.02 

tpHL 

TDO to PAD 




0.06 

tpLH 

Propagation Delay, 

2.55 

3.75 

4.95 

0.02 

tpHL 

UDDR to PAD 

2.73 

5.78 

8.83 

0.06 

tr 

Output Rise Time, PAD 

0.70 



0.10 

tf 

Output Fall Time, PAD 

0.55 

USB 


0.08 

tr 

Output Rise Time, TDO 

0.63 



0.00 

tf 

Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 

BN8TS2J 

tpLH 

Propagation Delay, 

0.70 

0.70 

0.70 

0.00 

tpHL 

CKDR to TDO 

0.72 

0.72 

0.72 

0.00 

tpLH 

Propagation Delay, 

1.35 

2.15 

2.95 

0.02 

tpHL 

DO to PAD 

1.52 

3.47 

5.42 

0.04 

tpLZ 

Propagation Delay, 

1.34 

1.35 

1.35 

0.00 

tpZL 

EN to PAD 

1.44 

3.44 

5.44 

0.04 

tpZH 

Propagation Delay, 

1.19 

1.99 

2.79 

0.02 

tpHZ 

EN to PAD 

1.18 

1.19 

1.19 

0.00 

tpLH 

Propagation Delay, 

1.80 

2.60 

3.40 

0.02 

tpHL 

OMC to PAD 

2.07 

4.02 

5.97 

0.04 

tpLH 

Propagation Delay, 

2.34 

3.14 

3.94 

0.02 

tpHL 

TDO to PAD 

2.51 

4.41 

6.31 

0.04 

tpLH 

Propagation Delay, 

2.44 

3.24 

4.04 

0.02 

tpHL 

UDDR to PAD 

2.69 

4.64 

6.59 

0.04 

tr 

Output Rise Time, PAD 

0.79 

3.69 

6.59 

0.06 

tf 

Output Fall Time, PAD 

0.70 

2.95 

5.20 

0.05 

tr 

Output Rise Time, TDO 

0.63 

0.63 

0.63 

0.00 

tf 

Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 
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BN4TS2J BN8TS2J BN16TS2J 

MOTOROLA TECHNICAL DATA 


TTL SWITCHING CHARACTERISTICS 


(input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

pF=0 

pF=50 

pF=100 

K{ns/pF) 1 

BN16TS2J 1 

fpLH 

Propagation Delay, 

0.70 

0.70 


0.00 

tpHL 

CKDR to TDO 

0.72 



0.00 

tpLH 

Propagation Delay, 




0.01 

tpHL 

DO to PAD 

IHJi 


4.26 

0.03 

fpi_z 

Propagation Delay, 

1.42 

1.42 

1.43 

0.00 

tpZL 

EN to PAD 

1.50 

2.80 

4.10 

0.03 

tpZH 

Propagation Delay, 

1.32 


2.52 

0.01 

fpHZ 

EN to PAD 

1.31 


1.32 

0.00 

tpLH 

Propagation Delay, 

1.94 

2.54 

3.14 

0.01 

X 

CL 

OMC to PAD 

2.21 


4.81 

0.03 

fpLH 

Propagation Delay, 

2.48 

3.03 


0.01 

tpHL 

TDO to PAD 


3.94 


0.03 

tpLH 

Propagation Delay, 

2.58 

3.13 

3.68 

0.01 

tpHL 

UDDR to PAD 

2,82 

IQQI 


0.03 

tr 

Output Rise Time, PAD 

0.78 


4.28 

0.04 

t, 


0.64 

2.09 

3.54 

0.03 

tr 

Output Rise Time, TDO 

0.63 



0.00 

tf 

Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 


CMOS/TTL TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/5 V 

Minimum Requirement 

BN4TS2J 

tsu 

Set Up Time, DO,SHDR to CKDR 

0.32 

tsu 

Set Up Time, EN to CKDR 

0.63 

tsu 

Set Up Time, IPT to CKDR 

0.67 

tsu 

Set Up Time, TDI to CKDR 

0.13 

th 

Hold Time, CKDR to DO,SHDR 

0.15 

th 

Hold Time, CKDR to EN 

0.11 

th 

Hold Time, CKDR to IPT 

0.00 

th 

Hold Time, CKDR to TDI 

0.31 

tv. 

Pulse Width, CKDR(L) 

0.42 

tw 

Pulse Width, CKDR(H) 

0.78 

tw 

Pulse Width, UDDR(H) 

0.75 
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BN4TS2J BN8TS2J BN16TS2J 



MOTOROLA TECHNICAL DATA 


CMOS/TTL TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/5 V 

Minimum Requirement 

BN8TS2J 

Uu 

Set Up Time, DO.SHDR to CKDR 

0.32 

tsu 

Set Up Time. EN.IPT to CKDR 

0.65 

tsu 

Set Up Time, TDI to CKDR 

0.13 

th 

Hold Time, CKDR to DO.SHDR 

0.15 

th 

Hold Time, CKDR to EN 

0.10 

th 

Hold Time, CKDR to IPT 

0.00 

th 

Hold Time, CKDR to TDI 

0.31 

tw 

Pulse Width, CKDR(L) 

0.42 

tw 

Pulse Width, CKDR(H) 

0.78 

tw 

Pulse Width, UDDR(H) 

0.75 

BN16TS2J 

tsu 

Set Up Time, DO to CKDR 

0.33 

tsu 

Set Up Time, EN.IPT to CKDR 

0.65 

tsu 

Set Up Time, SHDR to CKDR 

0.31 

tsu 

Set Up Time, TDI to CKDR 

0.13 

th 

Hold Time, CKDR to DO.SHDR 

0.15 

th 

Hold Time, CKDR to EN 

0.08 

th 

Hold Time, CKDR to IPT 

0.00 

th 

Hold Time, CKDR to TDI 

0.31 

tv, 

Pulse Width, CKDR(L) 

0.42 

tw 

Pulse Width, CKDR(H) 

0.78 

tw 

Pulse Width, UDDR(H) 

0.75 


NOTE: 

For Functional Diagram see page 7-88 
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MOTOROLA TECHNICAL DATA 


Section 7.3.3 Input Macros -JTAG 

Non - Inverting CMOS 5/5 y 

Input - JTAG 5/3 3 w 

(3.3 V and 5 V System/Core Voltage) 3 3/3 3 


ICNJ 

ICXNJ 

ILCNJ 



FUNCTION TABLE 


JTAG I 

PAD 

Dl 

L 

L 

H 

H 


JTAG 


For JTAG Truth Table Information, 
See Table 7-3 "JTAG Logic Truth Ta¬ 
bles - Inputs" on page 7-183 in this 
Manual. 


CMOS SWITCHING CHARACTERISTICS 


ICNJ 

ICXNJ 

ILCNJ 



XXX 

PAD 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

ICNJ I 

Vlh 

Propagation Delay, 

0.70 

0.70 

0.70 

0.00 

tpHL 

CKDR to TDO 

0.72 

0.72 

0.72 

0.00 

Vlh 

Propagation Delay, 

0.76 

0.78 

0.84 

0.21 

tpHL 

IMC to Dl 

0.51 

0.52 

0.56 

0.14 

tpLH 

Propagation Delay, 

0.47 

0.48 

0.52 

0.12 

tpHL 

PAD to Dl 

0.53 

0.55 

0.60 

0.18 

tpLH 

Propagation Delay, 

0.76 

0.78 

0.82 

0.13 

^PHL 

TDO to Dl 

0.85 

0.87 

0.93 

0.21 

I 

Q. 

Propagation Delay, 

0.88 

0.89 

0.93 

0.13 

Vhl 

UDDR to Dl 

1.02 

1.04 

1.11 

0.21 

tr 

Output Rise Time, Dl 

0.20 

0.23 

0.30 

0.25 


Output Fall Time, Dl 

0.22 

0.24 

0.31 

0.23 

‘r 

Output Rise Time, TDO 

0.63 

0.63 

0.63 

0.00 

tf 

Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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ICNJ ICXNJ ILCNJ 


MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5/3.3 V 

3.3/3.3 V 

FO=0 

FO=2 

FO=8 

K(ns/pF) 

FO=:0 

FO=2 

FO=8 

K(ns/pF) 


ICXNJ 

ILCNJ 

tpLH 

Propagation Delay, 

1.04 

1.04 

1.04 

0.00 

1.04 

1.04 

1.04 

0.00 

tpHL 

CKDR to TDO 

1.01 

1.01 

1.01 

0.00 

1.01 

1.01 

1.01 

0.00 

■sm 

Propagation Delay, 

1.07 

1.10 

1.19 

0.31 

1.07 

1.10 

1.19 

0.31 

tpHL 

IMG to Dl 

0.70 

0.72 

0.78 

0.19 

0.70 

WKiWUm 


0.19 

■sm 

Propagation Delay, 

0.41 


0.48 

0.17 

■TiiacM 



0.17 

fpHL 

PAD to Dl 

0.86 


0.96 



K&QB 


0.26 

tpLH 

Propagation Delay, 

1.14 


1.21 

0.19 

1.14 

1.16 

1.21 

0.19 

tpHL 

TDO to Dl 

1.27 

1.30 

1.39 

0.31 



1.39 

0.31 

tpLH 

Propagation Delay, 

1.21 

1.23 

1.28 

0.20 



1.28 

0.20 

tpHL 

UDDR to Dl 

1.48 

1.51 

1.60 

0.31 




0.31 

tr 



0.27 


0.36 




0.34 

tf 



0.32 

0.40 

0.28 



0.40 


tr 


0.87 

0.87 

0.87 

0.00 




0.00 

tf 



0.52 

0.52 

0.00 

I 1.04 

1.04 

1.04 

0.00 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


CMOS TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev.1.07 


Sym 

Parameter 

5/5 V 

Minimum Requirement 

ICNJ 

tsu 

Set Up Time, PAD to CKDR 

0.75 

tsu 

Set Up Time, SHDR to CKDR 

0.31 

tsu 

Set Up Time, TDI to CKDR 

0.13 

th 

Hold Time, CKDR to PAD 

-0.10 

th 

Hold Time, CKDR to SHDR 

0.16 

th 

Hold Time, CKDR to TDI 

0.31 

tw 

Pulse Width, CKDR(L) 

0.45 

tw 

Pulse Width, CKDR(H) 

0.80 

tw 

Pulse Width, UDDR(H) 

0.71 


CMOS TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/3.3 V 

3.3/3.3V 

Minimum Requirement 

Minimum Requirement 


ICXNJ 

ILCNJ 

tsu 

Set Up Time, PAD to CKDR 

1.13 

1.09 

_ku_ 

Set Up Time, SHDR to CKDR 

0.49 

0.49 

HERIilli 

Set Up Time, TDI to CKDR 

0.26 

0.26 

th 

Hold Time, CKDR to PAD 

0.05 

-0.14 

th 

Hold Time, CKDR to SHDR 

0.23 

0.23 

th 

Hold Time, CKDR to TDI 

0.41 

0.41 

tw 


0.71 

0.71 

■H 


1.20 

1.20 

ty. 


0.08 

0.08 
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MOTOROLA TECHNICAL DATA 


ICNJ ICXNJ ILCNJ 


FUNCTIONAL DIAGRAM: IxNJ 



PAD 
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ISNJ ISXNJ ILSNJ 


MOTOROLA TECHNICAL DATA 


Non - inverting CMOS Schmitt Trigger 
Input - JTAG 

(3.3 V and 5 V System/Core Voltage) 


5/5 V ISNJ 

5/3.3 V ISXNJ 

3.3/3.3 V ILSNJ 



FUNCTION TABLE 


JTAG I 

PAD 

Dl 

L 

L 

H 

H 


JTAG 


For JTAG Truth Table Information, 
See Table 7-3 “JTAG Logic Truth Ta¬ 
bles - Inputs’ on page 7-183 in this 
Manual. 


ISNJ 

ISXNJ 

ILSNJ 



XXX 

CMOS SWITCHING CHARACTERISTICS PAD 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

ISNJ I 

tpLH 

Propagation Delay, 

0.70 

0.70 

0.70 

0.00 

Vhl 

CKDR to TDO 

0.72 

0.72 

0.72 

0.00 

tpLH 

Propagation Delay, 

0.68 

0.70 

0.77 

0.22 

tpHL 

IMG to Dl 

0.51 

0.53 

0.57 

0.14 

Vlh 

Propagation Delay, 

0.66 

0.68 

0.72 

0.13 

Vhl 

PAD to Dl 

0.99 

1.01 

1.08 

0.22 

tpLH 

Propagation Delay, 

0.76 

0.78 

0.82 

0.13 

Vhl 

TDO to Dl 

0.85 

0.87 

0.93 

0.21 

^PLH 

Propagation Delay, 

0.88 

0.89 

0.93 

0.13 

IPHL 

UDDR to Dl 

1.02 

1.04 

1.11 

0.21 

tr 

Output Rise Time, Dl 

0.23 

0.25 

0.33 

0.25 

tf 

Output Fall Time, Dl 

0.40 

0.42 

0.49 

0.22 

tr 

Output Rise Time, TDO 

0.63 

0.63 

0.63 

0.00 

tf 

Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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ISNJ ISXNJ ILSNJ 


MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 

(input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/3.3 V 

3.3/3.3 V 

FO=0 

FO=2 

FO=8 

K(ns/pF) 

FO=0 

FO=2 

FO=8 

K(ns/pF) 


ISXNJ 

ILSNJ 

tpLH 

Propagation Delay, 

1.04 

1.04 

1.04 

0.00 

1.04 

1.04 

1.04 

0.00 


CKDR to TDO 

1.01 

1.01 

1.01 

0.00 

1.01 

1.01 

1.01 

0.00 

tpLH 

Propagation Delay, 



1.14 

0.31 


1.05 

1.14 

0.31 

tpHL 

IMG to Dl 



0.74 

0.19 


0.68 


0.19 

■SH 

Propagation Delay, 



0.66 

0.18 

KEBI 



0.19 

tpHL 

PAD to Dl 



IBM 

0.31 



1.50 

0.31 

tpLH 

Propagation Delay, 

bkeb 


miam 

0.19 

1.14 

1.16 

1.21 

0.19 

tpHL 

TDO to Dl 



1.39 

0.31 

BEQII 

Blslsl 

1.39 

0.31 

Vlh 

Propagation Delay, 



1.31 

0.19 



1.31 

0.19 

Vhl 

UDDR to Dl 



1.60 

0.31 

1.48 

1.51 

1.60 

0.31 

tr 

Output Rise Time, Dl 



0.39 

0.36 

0.24 

0.27 


0.36 

tf 

Output Fall Time, Dl 

0.46 


0.59 

0.31 

0.46 

0.49 


0.31 

tr 

Output Rise Time, TDO 



0.87 

0.00 

0.87 

0.87 

0.87 

0.00 

tf 

Output Fall Time, TDO 




0.00 

0.52 

0.52 

0.52 

0.00 


Capacitance per (anout = 0.05 pF (metal capacitance is not included). 


CMOS TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev.1.07 


Sym 

Parameter 

5/5 V 

Minimum Requirement 

ISNJ 

tsu 

Set Up Time, PAD to CKDR 

0.75 

Uu 

Set Up Time, SHDR to CKDR 

0.31 

^su 

Set Up Time, TDI to CKDR 

0.13 

th 

Hold Time, CKDR to PAD 

-0.10 

th 

Hold Time, CKDR to SHDR 

0.16 

th 

Hold Time, CKDR to TDI 

0.31 

tw 

Pulse Width, CKDR(L) 

0.45 

tw 

Pulse Width, CKDR(H) 

0.80 

tw 

Pulse Width, UDDR(H) 

0.71 


CMOS TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/3.3 V 

3.3/3.3V 

Minimum Requirement 

Minimum Requirement 


ISXNJ 

ILSNJ 

tsu 

Set Up Time, PAD to CKDR 

1.70 

1.72 

tsu 

Set Up Time, SHDR to CKDR 

0.49 

0.49 

tsu 

Set Up Time, TDI to CKDR 

0.26 

0.26 

th 

Hold Time, CKDR to PAD 

-0.34 

-0.63 

th 

Hold Time, CKDR to SHDR 

0.23 

0.23 

‘h 

Hold Time, CKDR to TDI 

0.41 

0.41 

tw 

Pulse Width, CKDR(L) 

0.71 

0.71 

tw 

Pulse Width, CKDR(H) 

1.20 

1.20 

_tv^ .. 

Pulse Width, UDDR(H) 

0.08 

0.08 


NOTE: 

For Functional Diagram see page 7-107 
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ITNJ ILTXNJ 


MOTOROLA TECHNICAL DATA 


Non-Inverting TTL Input 
Input - JTAG 

(3.3 V and 5 V System/Core Voltage) 



FUNCTION TABLE 


JTAG I 

PAD 

Dl 

L 

L 

H 

H 


_JTAG_ 

For JTAG Truth Table Information, 
See Table 7-3 "JTAG Logic Truth 
Tables - Inputs" on page 7-183 in 
this Manual. 


5/5 V ITNJ 

3.3/5 V ILTXNJ 



XXX 

PAD 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) ail units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

FO=0 

FO=2 

FO=8 

K (ns/pF) 


ITNJ 

ILTXNJ 1 

Vlh 

Propagation Delay, 

0.70 

0.70 

0.70 

0.00 

0.70 

0.70 

0.70 

0.00 

Vhl 

CKDR to TDO 

0.72 

0.72 

0.72 

0.00 

0.72 

0.72 

0.72 

0.00 

tpLH 

Propagation Delay, 

0.68 

0.70 

0.77 

0.22 

0.68 

0.70 

0.77 

0.22 

Vhl 

IMG to Dl 

0.51 

0.53 

0.57 

0.14 

0.51 

0.53 

0.57 

0.14 

tpLH 

Propagation Delay, 

0.48 

0.49 

0.52 

0.12 

0.48 

0.49 

0.52 

0.12 

tpHL 

PAD to Dl 

0.79 

0.81 

0.87 

0.22 

0.79 

0.81 

0.87 

0.22 

tpLH 

Propagation Delay, 

0.76 

0.78 

0.82 

0.13 

0.76 

0.78 

0.82 

0.13 

tpHL 

TDO to Dl 

0.85 

0.87 

0.93 

0.21 

0.85 

0.87 

0.93 

0.21 

■Bn 

Propagation Delay, 


0.89 

0.93 

0.13 




0.13 

Vhl 

UDDR to Dl 

■£ 2 !^ 

1.04 

1.11 

0.21 

MftVM 

mem 


0.21 

tr 

Output Rise Time, Dl 

0.15 

0.18 


0.25 


0.18 

0.25 

0,25 

tf 

Output Fall Time, Dl 

0.39 

0.41 


0.23 


0.41 

0.48 

CO 

CM 

d 

tr 

Output Rise Time, TDO 

0.63 

0.63 

0.63 

0.00 

0.63 

0.63 

0.63 

0.00 

tf 

Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 

0.41 

0.41 

0.41 

0.00 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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■■■■■■ MOTOROLA TECHNICAL DATA 

CMOS TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

Minimum Requirement 

Minimum Requirement 


ITNJ 

ILTXNJ 

tsu 

Set Up Time, PAD to CKDR 

1.27 

1.24 

tsu 

Set Up Time, SHDR to CKDR 

0.31 

0.31 

tsu 

Set Up Time, TDI to CKDR 

0.13 

0.13 

th 

Hold Time, CKDR to PAD 

0.14 

-0.02 

‘h 

Hold Time, CKDR to SHDR 

0.14 

0.16 

th 

Hold Time, CKDR to TDI 

0.31 

0.31 

tw 

Pulse Width, CKDR(L) 

0.45 

0.45 

fw 

Pulse Width, CKDR(H) 

0.80 

0.80 

tw 

Pulse Width, UDDR(H) 

0.71 

0.71 



NOTE: 

For Functional Diagram see page 7-107 
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ITSNJ 



MOTOROLA TECHNICAL DATA 


Non-Inverting TTL Schmitt Trigger 
Input - JTAG 

(5 V System/Core Voltage) 


MACRO 

SECTIONS USED 

All 

1/0 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

DIJDO/ 

PAD,IC,CKDR,UDDR,IMC, 

SHDR.TDI 


MACRO 

INPUT CAP. 

All 

CKDR.TDI: 0.04pF 
IMC.SHDR.UDDR: O.IOpF 
PAD: 5.05pF 


FUNCTION TABLE 


JTAG 1 

PAD 

Dl 

L 

L 

H 

H 


_ JTAG _ 

For JTAG Truth Table Information, 
See Table 7-3 'JTAG Logic Truth 
Tables - Inputs* on page 7-183 in 
this Manual. 


5/5 V ITSNJ 


ITSNJ 



XXX 

PAD 


CMOS SWITCHING CHARACTERISTICS 

(input Edge Rate tr.tf-l .OOns) TJ= 25.0^0 (Nominal) all units are in ns. Rqv- 1 -07 


Sym 

Parameter 

5/5 V 

FO=0 

FO=;2 1 FO=8 

K(ns/pF) 


ITSNJ 

fpLH 

Propagation Delay, 

CKDR to TDO 

0.70 

0.70 

0.70 

0.00 

IpHL 

0.72 

0.72 

0.72 

0.00 

tpLH 

Propagation Delay, 

IMG to Dl 

0.63 

0.65 

0.72 

0.22 

tpHL 

0.48 

0.50 

0.54 

0.14 

Vlh 

Propagation Delay, 

PAD to Dl 

0.76 

0.77 

0.81 

0.13 

fpHL 

1.11 

1.14 

1.20 

0.22 

tpLH 

Propagation Delay, 

TDOtoDI 

0.76 

0.78 

0.82 

0.13 

tpHL 

0.85 

0.87 

0.93 

0.21 

fpLH 

Propagation Delay, 

UDDRtoDI 

0.88 

0.89 

0.93 

0.13 

^PHL 

1.02 

1.04 

1.11 

0.21 

tr 

Output Rise Time, Dl 

0.22 

0.24 

0.32 

0.25 

tf 

Output Fall Time, Dl 

0.43 

0.45 

0.52 

0.23 

tr . 

Output Rise Time, TDO 

0.63 

0.63 

0.63 

0.00 

tf 

Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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MOTOROLA TECHNICAL DATA 


CMOS TIMING REQUIREMENTS 


(Input Edge Rate tr.tf=1.00ns) TJ= 25.0°C (Nominal) ail units are in ns. _ Rev. 1.07 


Sym 

Parameter 

5/5 V 

Minimum Requirement 

ITSNJ 1 

Uu 

Set Up Time, PAD to CKDR 

1.57 

^su 

Set Up Time, SHDR to CKDR 

0.31 

Uu 

Set Up Time, TDI to CKDR 

0.13 

th 

Hold Time, CKDR to PAD 

-0.38 

th 

Hold Time, CKDR to SHDR 

0.16 


Hold Time, CKDR to TDI 

0.31 

t*v 

Pulse Width, CKDR(L) 

0.45 


Pulse Width, CKDR(H) 

0.80 

_k_ 

Pulse Width, UDDR(H) 

0.71 


NOTE: 

For Functional Diagram see page 7-107 
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ICNCKHJ ICXNCKHJ ILCNCKHJ 


MOTOROLA TECHNICAL DATA 


Non - Inverting CMOS Clock Buffer 
Input- JTAG 

(3.3 V and 5 V System/Core Voltage) 


5/5 V 
5/3.3 V 
3.3/3.3 V 


MACRO 

SECTIONS USED 

All 

1/0 


FUNCTION TABLE 


MACRO 

OUTPUTS/INPUTS 

All 

Dl.TDO/ 

PAD.IC.CKDR.SHDR.TDI 


1 JTAG 1 

PAD 

Dl 

L 

L 

H 

H 


MACRO 

INPUT CAP. 

All 

CKDR.TDI: 0.04pF 

PAD; 5.16pF 

SHDR; O.OQpF 


For JTAG Truth Table Information, See Ta¬ 
ble 7-5 "JTAG Logic Truth Table - Clock/ 
"Sample Only” Inputs" on page 7-183 in this 
Manual. 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) ail units are in ns. 

rz I I ; I 5^ 


ICNCKHJ 

ICXNCKHJ 

ILCNCKHJ 


ICNCKHJ 

ICXNCKHJ 

ILCNCKHJ 



Rev. 1.07 


Sym 

Parameter 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

ICNCKHJ 

tpLH 

Propagation Delay, 

0.68 

0.68 

0.68 

0.00 

tpHL 

CKDR to TDO 

0.71 

0.71 

0.71 

0.00 

tpLH 

Propagation Delay, 

0.44 

0.45 

0.46 

0.04 

tpHL 

PAD to Dl 

0.38 

0.39 

0.41 

0.07 

tr 

Output Rise Time, Dl 

0.08 

0.09 

0.12 

0.10 

tf 

Output Fall Time, Dl 

0.06 

0.07 

0.11 

0.11 

tr 

Output Rise Time, TDO 

0.58 

0.58 

0.58 

0.00 

tf 

Output Fall Time, TDO 

0.39 

0.39 

0.39 

0.00 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


5/3.3 V 

Parameter ' 


Propagation Delay, 
CKDR to TDO 


Propagation Delay, 
PAD to Dl 


Output Rise Time, Dl 


Output Fall Time, Dl 




Output Fall Time, TDO 


apacitance per fanout = 0.05 pF (metal capacitance is not included). 
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FO=2 1 


1 FOrO 

FO=2 1 

FO=8 1 

K(ns/pF) 

ICXNCKHJ ] 

1 ILCNCKHJ 

1.01 

1.01 

1.01 

0.00 

1.01 

1.01 

1.01 

0.00 

0.98 

0.98 

0.98 

0.00 

0.98 

0.98 

0.98 

0.00 

0.32 

0.33 

0.34 

0.05 

0.57 

0.58 


0.05 



0.65 

0.08 

0.50 

0.51 

0.54 

0.08 

0.10 1 

imJ 

0.16 

0.14 



0.17 

0.14 



0.14 

0.14 

0.08 

0.10 

0.14 

0.14 


0.79 

0.79 

0.00 

0.79 

0.79 

0.79 

0.00 

1 0.49 1 

0.49 

0.49 

0.00 

0.49 

0.49 

0.49 

0.00 
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ICNCKHJ ICXNCKHJ ILCNCKHJ 

MOTOROLA TECHNICAL DATA 


CMOS TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) ail units are in ns._ Rev. 1.07 


Sym 

Parameter 

5/5 V 

Minimum Requirement 

ICNCKHJ 1 

fsu 


0.56 

^su 

Set Up Time, SHDR to CKDR 

0.25 

^su 

Set Up Time, TDI to CKDR 

0.13 

th 

Hold Time, CKDR to Dl 

-0.05 

th 

Hold Time, CKDR to SHDR 

0.19 


Hold Time, CKDR to TDI 

0.31 

tw 

Pulse Width, CKDR(L) 

0.45 

__ 

Pulse Width, CKDR(H) 

0.65 


CMOS TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5/3.3 V 

3.3/3.3 V 

Minimum Requirement 

Minimum Requirement 


iCXNCKHJ 

iLCNCKHJ 

tsu 

Set Up Time, Dl to CKDR 

0.56 

0.82 


Set Up Time, SHDR to CKDR 

0.25 

0.43 

fsu 

Set Up Time, TDI to CKDR 

0.13 

0.26 

th 

Hold Time, CKDR to Dl 

-0.05 

-0.04 

th 

Hold Time, CKDR to SHDR 

0.19 

0.25 

th 

Hold Time, CKDR to TDI 

0.31 

0.41 

tw 

Pulse Width, CKDR(L) 

0.45 

0.71 

tw 

Pulse Width, CKDR(H) 

0.65 

0.98 
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ICNCKHJ ICXNCKHJ ILCNCKHJ 


MOTOROLA TECHNICAL DATA 


FUNCTIONAL DIAGRAM: IxNCKHJ 



PAD 
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ISNCKHJ ISXNCKHJ ILSNCKHJ 


MOTOROLA TECHNICAL DATA 


Non - Inverting CMOS Schmitt Trigger 

Ciock Buffer Input - JTAG 

(3.3 V and 5 V System/Core Voltage) 


5/5 V 
5/3.3 V 
3.3/3.3 V 


ISNCKHJ 

ISXNCKHJ 

ILSNCKHJ 


MACRO 

SECTIONS USED 

All 

1/0 


FUNCTION TABLE 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

Dl.TDO/ 

PAD.IC.CKDR.SHDR.TDI 


JTAG 1 

PAD 

Dl 

L 

L 

H 

H 


MACRO 

INPUT CAP. 

All 

CKDR.TDI: 0.04pF 

PAD; 5.20pF 

SHDR; 0.09pF 


JTAG 


For JTAG Truth Table Information, 
See Table 7-5 "JTAG Logic Truth 
Table - ClockTSample Only” inputs* 
on page 7-183 in this Manual. 


ISNCKHJ 

ISXNCKHJ 

ILSNCKHJ 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns. 



Rev. 1.07 


Sym 

Parameter 

5/5 V 

FOsO FO=2 

FO=8 

K (ns/pF) 

ISNCKHJ 1 

tpLH 

Propagation Delay, 

CKDR to TDO 

0.68 

0.68 

0.68 

0.00 

tpHL 

0.71 

0.71 

0.71 

0.00 

tpLH 

Propagation Delay, 

PAD to Dl 

0.61 

0.61 

0.62 

0.04 

tpHL 

1.01 

1.02 

1.04 

0.07 

tr 

Output Rise Time, Dl 

0.08 

0.09 

0.12 

0.10 

tf 

Output Fall Time, Dl 

0.14 

0.15 

0.18 

0.11 

tr 

Output Rise Time, TDO 

0.58 

0.58 

0.58 

0.00 

tf 

Output Fall Time, TDO 

0.39 

0.39 

0.39 

0.00 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


XXX 

PAD 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) ail units are in ns. Rev* 1 -07 


Sym 

Parameter 

5/3.3 V 

3.3/3.3 V 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

FO=0 

FO=2 

FO=8 

K (ns/pF) 


ISXNCKHJ 

ILSNCKHJ 

HBHI 

Propagation Delay, 

CKDR to TDO 

1.01 

1.01 


0.00 

1.01 

1.01 

1.01 

0.00 

tpHL 

0.98 



0.00 

0.98 

0.98 

0.98 

0.00 

tpLH 

Propagation Delay, 

PAD to Dl 

0.46 

KEEfll 


0.05 

0.80 

0.80 

0.82 

0.05 

tpHL 

1.53 

1.53 



1.43 

1.44 

1.46 

0.08 

tr 

Output Rise Time, Dl 

0.09 

0.11 

0.15 

0.14 

0.10 

0.12 

0.16 

0.14 

•f 

Output Fall Time, Dl 

0.19 

0.20 


0.14 

0.19 

0.20 

0.24 

0.14 

tr 

Output Rise Time, TDO 

0.79 


0.79 

0.00 

0.79 

0.79 

0.79 

0.00 

tf 

Output Fall Time, TDO 

0.49 

0.49 


0.00 

0.49 

0.49 

0.49 

0.00 


Capacitance per tanout = 0.05 pF (metal capacitance is not included) 
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ISNCKHJ ISXNCKHJ ILSNCKHJ 

■■■■■■■■■■ MOTOROLA TECHNICAL DATA 


CMOS TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 

Rev. 1.07 

Sym 

Parameter 

5/5 V 

Minimum Requirement 

ISNCKHJ 1 

tsu 

Set Up Time, Dl to CKDR 

1.09 

*su 

Set Up Time, SHDR to CKDR 

0.25 

tsu 

Set Up Time, TDI to CKDR 

0.13 

th 

Hold Time, CKDR to Dl 

-0.27 

.. 'h 

Hold Time, CKDR to SHDR 

0.19 

th 

Hold Time, CKDR to TDI 

0.31 

tw 

Pulse Width, CKDR(L) 

0.45 

_k_ 

Pulse Width, CKDR(H) 

0.65 


CMOS TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/3.3 V 

3.3/3.3 V 

Minimum Requirement 

Minimum Requirement 


iSXNCKHJ 

iLSNCKHJ 

tgu 

Set Up Time, Dl to CKDR 

1.70 

1.47 

tsu 

Set Up Time, SHDR to CKDR 

0.43 

0.43 

tsu 

Set Up Time, TDI to CKDR 

0.26 

0.26 

th 

Hold Time, CKDR to Dl 

-0.10 

-0.33 

th 

Hold Time, CKDR to SHDR 

0.25 

0.25 

th 

Hold Time, CKDR to TDI 

0.41 

0.41 

tyv 

Pulse Width, CKDR(L) 

0.71 

0.71 

_k_ 

Pulse Width, CKDR(H) 

0.98 

0.98 


NOTE: 

For Functional Diagram see page 7-116 
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MOTOROLA TECHNICAL DATA 


ITNCKHJ ILTXNCKHJ 


Non - Inverting TTL Clock Buffer Input 
Clock Buffer Input - JTAG 
(3.3 V and 5 V System/Core Voltage) 


5/5 V 
3.3/5 V 


ITNCKHJ 

ILTXNCKHJ 


FUNCTION TABLE 


MACRO 

SECTIONS USED 

All 

1/0 


MACRO 

OUTPUTS/INPUTS 

All 

Dl.TDO/ 

PAD,IC,CKDR,SHDR,TDI 


JTAG 1 

PAD 

Dl 

L 

L 

H 

H 


MACRO 

INPUT CAP. 

All 

CKDR.TDI: 0.04pF 

PAD: 5.40pF 

SHDR: O.OQpF 


For JTAG Truth Table Information, 
SeeTable 7-5 "JTAG Logic Truth Ta¬ 
ble - ClockTSample Only” Inputs" on 
page 7-183 in this Manual. 


ITNCKHJ 

ILTXNCKHJ 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 

_ 

Sym Parameter --- 

FO=0 FO=:2 FO=8 

ITNCKHJ 

tpLH Propagation Delay, 0.68 0.68 0.68 

tpHL '''PO _ 0.71 ~0.71 0.7r~ 

tpLH Propagation Delay, 0.37 0.37 0.38 

PAD to Dl 0.47 0.47 0.50 

Output Rise Time, Dl 
Output Fall Time, Dl 


tr Output Rise Time, TDO 


K (ns/pF) 


3.3/5 V 

FO=:2 FO=8 
ILTXNCKHJ 


Rev. 1.07 


K (ns/pF) 
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ITSNCKHJ 


MOTOROLA TECHNICAL DATA 


Non ■■ Inverting TTL Schmitt Trigger 
Clock Buffer Input - JTAG 
(5 V System/Core Voltage) 


5/5 V 


MACRO 

SECTIONS USED 

ITSNCKHJ 

1/0 


FUNCTION TABLE 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

ITSNCKHJ 

Dl.TDO/ 

PAD,IC,CKDR,SHDR,TDI 


JTAG 1 

PAD 

Dl 

L 

L 

H 

H 


MACRO 

INPUT CAP. 

ITSNCKHJ 

CKDRJDI: 0.04pF 

PAD: 5.27pF 

SHDR: O.OQpF 


JTAG 


For JTAG Truth Table Information, 
SeeTable 7-5 "JTAG Logic Truth Ta¬ 
ble - ClockTSample Only” Inputs" on 
page 7-183 in this Manual. 


ITSNCKHJ 


ITSNCKHJ 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns. 


Rev. 1.07 


Sym 

Parameter 

55 V 

FO=0 


K (ns/pF) 


ITSNCKHJ 

■9IM 

Propagation Delay, 

CKDR to TDO 

0.68 


0.68 


■am 

0.71 

0.71 

0.71 

0.00 

Vlh 

Propagation Delay, 

PAD to Dl 

0.74 

0.74 

0.75 

0.04 

Vhl 

1.22 

1.23 

1.25 

0.07 

tr 

Output Rise Time, Dl 

IQQSIII 

0.08 

0.12 

0.10 

tf 


0.17 

0.18 


0.11 

tr 

Output Rise Time, TDO 

0.58 

0.58 

0.58 

0.00 

t, 

Output Fall Time, TDO 

0.39 


0.39 



Capacitance per fanout = 0.05 pF (metal capacitance is not included) 



XXX 

PAD 


CMOS TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. _ Rev. 1.07 


Sym 

Parameter 

5/5 V 

Minimum Requirement 

zzn 

ITSNCKHJ 


Set Up Time, Dl to CKDR 

1.15 

Uu 

Set Up Time, SHDR to CKDR 

0.25 

tsu 

Set Up Time,TDI to CKDR 

0.13 

th 

Hold Time, CKDR to Dl 

-0.24 

th 

Hold Time, CKDR to SHDR 

0.19 

th 

Hold Time, CKDR to TDI 

0.31 

V 

Pulse Width, CKDR(L) 

0.45 

_k_ 

Pulse Width, CKDR(H) 

0.65 


NOTE: 

For Functional Diagram see page 7-116 
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MOTOROLA TECHNICAL DATA 


Section 7.3.4 Output Buffers -JTAG 


Non - Inverting Output Buffers - JTAG 5/5 V 

(3.3 V and 5 V System/Core Voltage) 5/3.3 V 

3.3/5 V 
3.3/3.3 V 


ON4J 

ONX4J 

ONLX4J 

ONL4J 


MACRO 

SECTIONS USED 

All 

0/1 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

PAD,TDO / 

DO,CKDR,UDDR,SHDR,TDI,OMC 


MACRO 

INPUT CAP. 

ON4J 

ONL4J 

CKDRJDI: 0.04pF 

DO; 0.40pF 
OMC,SHDR:0.10pF 

UDDR: O.OSpF 

ONX4J 

ONLX4J 

CKDR.TDI: 0.04pF 

DO: 0.26pF 

OMC.SHDR: O.IOpF 

UDDR: O.OBpF 


MACRO 

OUTPUT CAP. 

All 

PAD: 4.96pF 


FUNCTION TABLE 


1 JTAG 1 

DO 

PAD 

L 

L 

H 

H 


_ JTAG _ 

For JTAG Truth Table Information, 
See Table 7-4 "JTAG Logic Truth 
Tables - Outputs" on page 7-183 in 
this Manual. 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0^0 (Nominal) ail units are in ns._ Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 1 

pF=0 pF=50 pF=100 K(ns/pF) 



ON4J 

ONLX4J j 

HfflH 



0.71 

0.71 

0.00 


keqh 


0.00 1 

MBSm 


0.72 

0.72 

0.00 


kib 

0.72 


■gm 

Propagation Delay, 

DO to PAD 


MtTtM 

5.28 

0.05 

0.97 

3.22 

5.47 


— 

MtWsM 

2.70 

4.65 

0.04 


2.85 

4.90 

0.04 

H9IIH 

Propagation Delay, 

OMC to PAD 

■EB 

3.27 


0.05 


KEB 

5.62 

0.05 

■!9!Hi 


2.93 

4.88 

0.04 

0.98 

keb 

5.08 


■HIM 

Propagation Delay, 

TDO to PAD 

1.25 



0.05 

■SB 

3.62 

5.87 

0.05 


1.16 

Km 


0.04 


3.21 

keb 

0.04 

IH9IM 

Propagation Delay, 

UDDR to PAD 

00 

CO 

3.63 



■EB 

3.75 


0.05 

¥hl 



5.24 

0.04 

—cM 

3.38 


0.04 

tr 

Output Rise Time, PAD 

KEB 

5.54 

10.69 

0.10 

ksb 

5.53 


HEIEH 


Output Fall Time, PAD 

■EEB 

4.17 


0.08 


msm 

9.58 

HEEEHI 


Output Rise Time, TDO 





MilRai 

Km 

0.62 


tf 

Output Fall Time, TDO 

0.41 



0.00 

0.41 

0.41 

0.41 

0.00 
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_Propagation Delay, 

UDDR to PAD _ 

_ Output Rise Time, PAD 

_ Output Fall Time, PAD 

_ Output Rise Time, TDO 

Output Fall Time, TDO 


TTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) ail units are in ns. 
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ON4J ONX4J 0NLX4J 0NL4J 

MOTOROLA TECHNICAL DATA 


TTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. _ Rev. 1.07 


Sym 

Parameter 

5/3.3 V 

3.3/3.3 V 

pF=0 pF=50 pF=100 1 K (ns/pF) 

pF=0 1 pF=50 1 pF=100 

K (ns/pF) 


ONX4J 

ONL4J 

■sm 

Propagation Delay, 

CKDR to TDO 

1.04 

1.04 

1.04 

0.00 

1.04 



0.00 

H9!Hi 

1.01 

1.01 

1.01 

0.00 

1.01 

1.01 

101 

0.00 

Vlh 

Propagation Delay, 

DO to PAD 

1.21 



0.02 





tpHL 




0.09 





_tpm_ 

Propagation Delay, 

OMC to PAD 

MEM 




■lES 

3.85 


0.05 





0.09 



7.12 

0.06 

tpLH 

Propagation Delay, 

TDO to PAD 

1.90 

3.00 

4.10 

0.02 

1.78 

4.28 

6.78 

0.05 

Vhl 

1.99 

6.54 

11.09 

0.09 

1.64 

4.54 

7.44 

0.06 

Vlh 

Propagation Delay, 

UDDR to PAD 

1.99 

3.09 

4.19 

0.02 

1.87 

4.37 

6.87 

0.05 

tpHL 

2.22 

6.77 

11.32 

0.09 

1.86 

4.76 

7.66 

0.06 

>r 

Output Rise Time, PAD 

0.24 

5.24 

10.24 

0.10 

0.48 

7.63 

14.78 

0.14 

tf 

Output Fall Time, PAD 

0.33 

6.08 

11.83 

0.11 

0.44 

5.09 

9.74 

0.09 

>r 

Output Rise Time, TDO 

0.87 

0.87 

0.87 

0.00 

0.87 

0.87 

0.87 

0.00 

_k_ 1 

Output Fall Time, TDO 

0.52 

0.52 

0.52 

0.00 

0.52 

0.52 

0.52 

0.00 


CMOS/TTL TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) ail units are in ns. _ Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

Minimum Requirement 

Minimum Requirement 


ON4J 

ONLX4J 

tsu 

Set Up Time, DO to CKDR 

0.22 

0.18 

t,u 

Set Up Time, SHDR to CKDR 

0.25 

0.25 

tsu 

Set Up Time, TDI to CKDR 

0.14 

0.14 

th 

Hold Time, CKDR to DO 

0.25 

0.26 


Hold Time, CKDR to SHDR 

0.19 

0.19 

th 

Hold Time, CKDR to TDI 

0.32 

0.32 

tw 

Pulse Width, CKDR(L) 

0.40 

0.40 

tw 

Pulse Width, CKDR(H) 

0.78 

0.78 

tyy 

Pulse Width, UDDR(H) 

0.47 

0.47 


CMOS/TTL TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/3.3 V 

3.3/3.3 V 

Minimum Requirement 

Minimum Requirement 


ONX4J 

ONL4J 

■DMl 

Set Up Time, DO to CKDR 

0.36 

0.38 

Uu 

Set Up Time, SHDR to CKDR 

0.43 

0.43 

tsu 

Set Up Time, TDI to CKDR 

0.28 

0.28 

th 

Hold Time, CKDR to DO 

0.36 

0.38 

th 

Hold Time, CKDR to SHDR 

0.25 

0.25 

th 

Hold Time, CKDR to TDI 

0.42 

0.42 

tw 

Pulse Width, CKDR(L) 

0.67 

0.67 

tw 

Pulse Width, CKDR(H) 

1.18 

1.18 

tw 

Pulse Width, UDDR(H) 

0.64 

0.64 
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0N4J 0NX4J 0NLX4J 0NL4J 


MOTOROLA TECHNICAL DATA 


FUNCTIONAL DIAGRAM: ONXJ 
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0N8J 0NX8J 0NLX8J ONL8J 

MOTOROLA TECHNICAL DATA 


Non - Inverting Output Buffers - JTAG 5/5 V ON8J 

(3.3 V and 5 V System/Core Voltage) 5/3.3 V ONX8J 

3.3/5 V ONLX8J 

3.3/3.3 V ONL8J 


MACRO 

SECTIONS USED 

All 

0/1 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

PAD,TOO / 

DO,CKDR,UDDR,SHDR,TDI,OMC 


MACRO 

INPUT CAP. 

ON8J 

ONX8J 

ONL8J 

CKDR.TDI: 0.04pF 

DO: 0.26pF 
OMC,SHDR:0.10pF 

UDDR: O.OSpF 

ONLX8J 

CKDR.TDI: 0.04pF 

DO: 0.31 pF 
OMC,SHDR:0.10pF 

UDDR: O.OSpF 


MACRO 

OUTPUT CAP. 

All 

PAD: S.IOpF 


FUNCTION TABLE 


JTAG 1 

DO 

PAD 

L 

L 

H 

H 


_ JTAG _ 

For JTAG Truth Table Information, 
See Table 7-4 "JTAG Logic Truth 
Tables - Outputs" on page 7-183 in 
this Manual. 



PAD 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. _ Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

pF=0 

pF=50 I pF=100 |K(ns/pF) 

pF=0 

pF=50 1 pF=100 1 K(ns/pF)i 


ON8J 

ONLX8J 

tpLH 

Propagation Delay, 

CKDR to TDO 

0.71 

0.71 

0.71 

0.00 

0.71 

0.71 

0.71 

0.00 

tpHL 

0.72 

0.72 

0.72 

0.00 

0.72 

0.72 

0.72 

0.00 

Vlh 

Propagation Delay, 

DO to PAD 

0.90 

2.20 

3.50 

0.03 

1.10 

2.45 

3.80 

0.03 

Vhl 

1.04 

2.29 

3.54 

0.03 

1.14 

2.24 

3.34 

0.02 

■sm 

Propagation Delay, 

OMC to PAD 

1.04 



0.03 




0.03 

_Vhl 


2.47 


0.03 

■la 


IQgglll 

0.02 

■sini 

Propagation Delay, 

TDO to PAD 

HQRQH 

2.60 


0.03 



iHaa 

0.03 

■m 


2.65 


0.03 




■00311 

M3KM 

Propagation Delay, 

UDDR to PAD 

1.43 

2.73 

4.03 

0.03 


3.03 


■R|03B 

MSSU 

1.57 

2.82 

4.07 

0.03 




0.02 

‘r 

Output Rise Time, PAD 

0.29 

3.24 

6.19 

0.06 




0.06 

‘f 


0.49 


KESB 

0.05 

0.55 

2.85 

5.15 

0.05 

tr 


0.62 


KISli 

0.00 

0.62 

0.62 

0.62 

0.00 

_!l_ 

Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 

0.41 

0.41 

0.41 

0.00 
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MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. _ 

PF=0 I pF=5HpF=100|K(ns/pF) 
ONX8J 

tpLH Propagation Delay, 1.04 1.04 1.04 

CKDRtoTDO 1.01 1.01 1.01 


Output Rise Time, PAD 
Output Fall Time, PAD 
Output Rise Time, TDO 
Output Fall Time, TOO 


Rev. 1.07 

3.3/3.3 V 

pF=50 I pF=100 I K(ns/pF) 
ONL8J 





TTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 

^ 7 T 

Sym Parameter - - -,---- 

pF=0 pF=50 pF=100 K(ns/pF) 


Propagation Delay, 
CKDR to TDO 


Propagation Delay, 
DO to PAD 
Propagation Delay, 
OMC to PAD 
Propagation Delay, 
TDO to PAD 


Propagation Delay, 

~ UDDR to PAD _ 

Output Rise Time, PAD 
Output Fall Time, PAD 


Output Rise Time, TDO 
Output Fall Time, TDO 


Rev. 1.07 

__ 

pF=50 I pF=100 I K(ns/pF) 
ONLX8J 



0.62 

0.62 

0.00 

0.41 

0.41 

0.00 
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MOTOROLA TECHNICAL DATA 


ON8J ONX8J ONLX8J ONL8J 


TTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 

I I r r 5«.3v 


Parameter 


pF=50 |pF=100|K(ns/pF)| 
ONX8J 








Rev. 1.07 

3.3/3 3 V 

pF=50 |pF=100|K(ns/pF) 
ONL8J 
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0N16J 0NXL16J ONL16J 


MOTOROLA TECHNICAL DATA 


Non - Inverting Output Buffers - JTAG 5/5 V 

(3.3 V and 5 V System/Core Voltage) 3.3/5 V 

3.3/3.3 V 


ON16J 

ONXL16J 

ONL16J 


MACRO 

SECTIONS USED 

All 

0/1 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

PAD.TDO / 

DO,CKDR,UDDR,SHDR,TDI,OMC 


MACRO 

INPUT CAP. 

All 

CKDR.TDI: 0.04pF 

DO: 0.31 pF 

OMC,SHDR: O.IOpF 

UDDR: O.OBpF 


MACRO 

OUTPUT CAP. 

All 

PAD: 5.76pF 


FUNCTION TABLE 


1 JTAG 1 

DO 

PAD 

L 

L 

H 

H 


_ JTAG _ 

For JTAG Truth Table Information, 
See Table 7-4 "JTAG Logic Truth 
Tables - Outputs" on page 7-183 in 
this Manual. 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 


3.3/5 V 1 

pF=0 1 pFsSO 1 pF=100 

K (ns/pF)| 



ON16J j 

ONLX16J 

'■iJIM 

Propagation Delay, 

CKDR to TDO 

0.71 

0.71 

0.71 

0.00 

0.71 

0.71 

0.71 

0.00 


0.72 

0.72 


0.00 

0.72 

0.72 


0.00 

_feUH 

Propagation Delay, 

DO to PAD 

0.87 

1.67 


0.02 



■y^ji 

0.03 


1.14 

1.99 


0.02 

0.99 



0.01 

HsIlIH 

Propagation Delay, 

OMC to PAD 

1.07 

1.87 


0.02 

■EOi 

2.68 



MSSU 

msm 

IBBi 

iKTiTiM 


1.18 

■mm 


0.01 ! 

■iJ!H 

Propagation Delay, 

TDO to PAD 

■ESI 



0.02 

1.58 


MTiaai 


WBSsm 

1.49 

2.34 

3.19 

0.02 

1.35 

2.00 


0.01 

¥lh 

Propagation Delay, 

UDDR to PAD 

1.45 

2.25 

3.05 

0.02 

1.71 

3.06 

4.41 

0.03 

tpHL 




0.02 

■I^B 


2.83 

0.01 

‘r 




■sliU 

0.03 

mmm 


■SB 

0.06 

M 

Output Fall Time, PAD 

KESi 

■ESI 


0.03 

Ksa 


WESM 

0.02 

'r 

Output Rise Time, TDO 

0.62 

0.62 

0.62 

0.00 

KB 

0.62 

0.62 

0.00 


Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 

L2dL_ 

0.41 

0.41 

0.00 
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ON16JONXL16J 0NL16J 

MOTOROLA TECHNICAL DATA _|||||||||^^ 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. _ Rev. 1.07 


Sym 

Parameter 

3.3/3.3 V 

pF=0 pF=50 1 pF=100 1 K (ns/pF) 

i 

ONL16J 

Vlh 

Propagation Delay, 

CKDR to TDO 

1.04 

1.04 

1.04 

0.00 

tpHL 

1.01 

1.01 

1.01 

0.00 

Vlh 

Propagation Delay, 

DO to PAD 

1.21 

2.36 

3.51 

0.02 

tpHL 

1.52 

2.52 

3.52 

0.02 

tpLH 

Propagation Delay, 

OMC to PAD 

1.52 

2.67 

3.82 

0.02 

Vhl 

1.79 

2.79 

3.79 

0.02 

tpLH 

Propagation Delay, 

TDO to PAD 

1.96 

3.11 

4.26 

0.02 

Vhl 

2.08 

3.08 

4.08 

0.02 

Vlh 

Propagation Delay, 

UDDR to PAD 

2.04 

3.19 

4.34 

0.02 

tpHL 

2.30 

3.30 

4.30 

0.02 

'r 

Output Rise Time, PAD 

0.52 

2.87 

5.22 

0.05 

‘f 

Output Fall Time, PAD 

0.58 

2.28 

3.98 

0.03 

tr 

Output Rise Time, TDO 

0.87 

0.87 

0.87 

0.00 

‘f 

Output Fall Time, TDO 

0.52 

0.52 

0.52 

0.00 


TTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

_ 

Parameter 

5/5 V 

3.3/5 V 

pF=0 


pF=0 pF=50 1 pFsIOO K(ns/pF) 

■bhhhhhhhhhh 

ON16J 

ONLX16J 

tpLH 

Propagation Delay, 

CKDR to TDO 

0.71 

0.71 

0.71 

0.00 

0.71 

0.71 

I3BDH 


^PHL 

0.72 

0.72 



0.72 

0.72 



H19RH 

Propagation Delay, 

DO to PAD 


■01^ 


0.01 

1.07 

eqi 

■RCT 

0.02 

_Iphl 

■ngai 

MHgUi 


0.02 

1.03 

MW 


0.01 

■ani 

Propagation Delay, 

OMC to PAD 

KEBI 

1.40 

1.85 

0.01 

1.26 


McicfJi 

0.02 

— 


2.63 

3.83 

0.02 

1.23 


WESEM 

0.01 


Propagation Delay, 

TDO to PAD 

1.19 

1.64 

2.09 

0.01 

1.51 


3.61 

0.02 

— 


2.81 

tif 

0.02 

1.40 



0.01 

iH9l9i 

Propagation Delay, 

UDDR to PAD 

1.33 

1.78 


0.01 

1.65 

2.70 




1.78 

2.98 


0.02 

1.57 

2.32 

3.07 

0.01 

- ‘r 

Output Rise Time, PAD 

0.43 

2.13 


0.03 




0.06 

‘f 

Output Fall Time, PAD 

0.49 




1 0.46 

1.61 


0.02 

tr 

Output Rise Time, TDO 

0.62 



0.00 




0.00 

t( 

Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 

i 0.41 

0.41 

0.41 
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ON16JONXL16JONL16J 


MOTOROLA TECHNICAL DATA 


TTL SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) ail units are in ns._ Rev. 1.07 


Sym 

Parameter 

3.3/3.3 V 1 

pFsO 

pF=50 

pF=100 

K(ns/pF) 


ONL16J 1 

tpLH 

Propagation Delay, 

1.04 

1.04 

1.04 

0.00 

Vhl 

CKDR to TDO 

1.01 

1.01 

1.01 

0.00 

Vlh 

Propagation Delay, 

1.15 

2.05 

2.95 

0.02 

tpHL 

DO to PAD 

1.58 

2.78 

3.98 

0.02 

fpLH 

Propagation Delay, 

1.46 

2.36 

3.26 

0.02 

JPHL 

OMC to PAD 

1.85 

3.05 

4.25 

0.02 

Vlh 

Propagation Delay, 

1.90 

2.80 

3.70 

0.02 

¥hl 

TDO to PAD 

2.13 

3.33 

4.53 

0.02 

Vlh 

Propagation Delay, 

1.98 

2.88 

3.78 

0.02 

tpHL 

UDDR to PAD 

2.36 

3.56 

4.76 

0.02 

tr 

Output Rise Time, PAD 

0.52 

2.87 

5.22 

0.05 

‘f 

Output Fall Time, PAD 

0.58 

2.28 

3.98 

0.03 

‘r 

Output Rise Time, TDO 

0.87 

0.87 

0.87 

0.00 

<1 

Output Fall Time, TDO 

0.52 

0.52 

0.52 

0.00 


CMOS/TTL TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

Minimum Requirement 

Minimum Requirement 


ON16J 

ONLX16J 

Uu 

Set Up Time, DO to CKDR 

0.19 

0.18 

Isu 

Set Up Time, SHDR to CKDR 

0.25 

0.25 

fsu 

Set Up Time, TDI to CKDR 

0.14 

0.14 

th 

Hold Time, CKDR to DO 

0.25 

0.26 

th 

Hold Time, CKDR to SHDR 

0.19 

0.19 

th 

Hold Time, CKDR to TDI 

0.32 

0.32 

tw 

Pulse Width, CKDR(L) 

0.40 

0.40 

tw 

Pulse Width, CKDR(H) 

0.78 

0.78 

tw 

Pulse Width, UDDR(H) 

0.47 

0.47 


CMOS/TTL TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

3.3/3.3 V 

Minimum Requirement 

ONL16J I 

Isu 

Set Up Time, DO to CKDR 

0.37 

^su 

Set Up Time, SHDR to CKDR 

0.43 

h\J 

Set Up Time, TDI to CKDR 

0.28 

th 

Hold Time, CKDR to DO 

0.35 

th 

Hold Time, CKDR to SHDR 

0.25 

th 

Hold Time, CKDR to TDI 

0.42 

t„ 

Pulse Width, CKDR(L) 

0.67 

tw 

Pulse Width, CKDR(H) 

1.18 

__ 

Pulse Width, UDDR(H) 

0.64 


NOTE: 

For Functional Diagram see page 7-124 
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ON4S2J ON8S2J ON16S2J 


MOTOROLA TECHNICAL DATA 


Non - Inverting Output Buffers - JTAG 5/5 V ON4S2J 

With Slew Rate Control (S2) ON8S2J 

(5 V System/Core Voltage) ON16S2J 


MACRO 

SECTIONS USED 

All 

0/1 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

PAD.TDO / 

DO,CKDR,UDDR,SHDR,TDI,OMC 


MACRO 

INPUT CAP. 

ON4S2J 

CKDR.TDI: 0.04pF 

DO: 0.40pF 
OMC,SHDR;0.10pF 

UDDR: O.OSpF 

ON8S2J 

CKDR.TDI: 0.04pF 

DO: 0.26pF 
OMC,SHDR:0.10pF 

UDDR: O.OSpF 

ON16S2J 

CKDR.TDI: 0.04pF 

DO: 0.31 pF 
OMC.SHDR:0.10pF 

UDDR: O.OSpF 


MACRO 

OUTPUT CAP. 

ON4S2J 

PAD: 4.96pF 

ONSS2J 

PAD:5.10pF 

ON16S2J 

PAD: 5.76pF 


FUNCTION TABLE 


JTAG 1 

DO 

PAD 

L 

L 

H 

H 


_ JTAG _ 

For JTAG Truth Table Information, See 
Table 7-4 "JTAG Logic Truth Tables - 
Outputs" on page 7-183 in this Manual. 


ON4S2J 

ON8S2J 

ON16S2J 



XXX 

PAD 


CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns. Rev- ^ -Q^ 


Sym 

Parameter 

5//5 V 1 

pF=0 

pF=50 

pF=100 

K (ns/pF) 1 


ON4S2J 1 

Vlh 

Propagation Delay, 

0.71 

0.71 

0.71 

0.00 

Vhl 

CKDR to TDO 

0.72 

0.72 

0.72 

0.00 

tpLH 

Propagation Delay, 

1.56 

3.86 

6.16 

0.05 

Vhl 

DO to PAD 

1.20 

3.20 

5.20 

0.04 

tpLH 

Propagation Delay, 

1.76 

4.06 

6.36 

0.05 

tpHL 

OMC to PAD 

1.39 

3.39 

5.39 

0.04 

Vlh 

Propagation Delay, 

1.98 

4.28 

6.58 

0.05 

tpHL 

TDO to PAD 

1.58 

3.58 

5.58 

0.04 

Vlh 

Propagation Delay, 

2.11 

4.41 

6.71 

0.05 

Vhl 

UDDR to PAD 

1.75 

3.75 

5.75 

0.04 

'r 

Output Rise Time, PAD 

0.71 

5.81 

10.91 

0.10 

'f 

Output Fall Time, PAD 

0.55 

4.35 

8.15 

0.08 

'r 

Output Rise Time, TDO 

0.62 

0.62 

0.62 

0.00 

_ k _ 

Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 
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ON4S2J ON8S2J ON16S2J 


MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 




Rev. 1.07 
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MOTOROLA TECHNICAL DATA 


ON4S2J ON8S2J ON16S2J 


TTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


5//5 V 


Parameter 


pF=50 I pF=100 I K (ns/pF) 
ON8S2J 



Output Rise Time, PAD 


I Output Fall Time, PAD 


Output Rise Time, TDO 


JOutput Fall Time, TDO 




Propagation Delay, 
OMC to PAD 


Propagation Delay, 

TDO to PAD _ 

Propagation Delay, 
UDDR to PAD 


Output Rise Time, PAD 


Output Fall Time, PAD 
Output Rise Time, TDO 


[Output Fall Time, TDO 


CMOS/TTL TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


Parameter 


5/5 V 

Minimum Requirement 


ON4S2J 


I Set Up Time, DO to CKDR 



Set Up Time, SHDR to CKDR 


0.25 

Set Up Time, TDI to CKDR 


0.14 

Hold Time, CKDR to DO,SHDR 


0.18 

Hold Time, CKDR to TDI 


0.32 

Pulse Width, CKDR(L) 


0.40 


Pulse Width, CKDR(H) 


Pulse Width, UDDR(H) 
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ON4S2J ON8S2J ON16S2J 


MOTOROLA TECHNICAL DATA 


CMOS/TTL TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/5 V 

Minimum Requirement 

ON8S2J 

tsu 

Set Up Time, DO to CKDR 

0.18 

^su 

Set Up Time, SHDR to CKDR 

0.25 

Uu 

Set Up Time, TDI to CKDR 

0.14 

th 

Hold Time, CKDR to DO 

0.26 

th 

Hold Time, CKDR to SHDR 

0.19 

th 

Hold Time, CKDR to TDI 

0.32 

tw 

Pulse Width, CKDR(L) 

0.40 

tw 

Pulse Width, CKDR(H) 

0.78 

tw 

Pulse Width, UDDR(H) 

0.46 

ON16S2J 

tsu 

Set Up Time, DO to CKDR 

0.19 

tsu 

Set Up Time, SHDR to CKDR 

0.25 

tsu 

Set Up Time, TDI to CKDR 

0.14 

th 

Hold Time, CKDR to DO 

0.25 

th 

Hold Time, CKDR to SHDR 

0.19 

th 

Hold Time, CKDR to TDI 

0.32 

tw 

Pulse Width, CKDR(L) 

0.40 

tw 

Pulse Width, CKDR(H) 

0.78 

tw 

Pulse Width, UDDR(H) 

0.46 


NOTE: 

For Functional Diagram see page 7-124 
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0N40DJ ONL40DJ 


MOTOROLA TECHNICAL DATA 


Non-Inverting Open-Drain Output 5/5 V 

Buffers - JTAG 3.3/3.3 V 

(3.3 V and 5 V System/Core Voltage) 


MACRO 

SECTIONS USED 

All 

0/1 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

PAD.TDO / 

DO.CKDR,UDDR,SHDR,TDI,OMC 


MACRO 

INPUT CAP. 

All 

CKDR.TDI; 0.04pF 

DO: 0.32pF 
OMC,SHDR:0.10pF 

UDDR; 0.08pF 


FUNCTION TABLE 


JTAG 1 

DO 

PAD 

L 

L 

H 

Z 


j_£rAG_ 

I For JTAG Truth Table Information, 

I See Table 7-5 "JTAG Logic Truth 
j Table - Clock/”Sample Only” Inputs" 
i on page 7-183 In this Manual. 


MACRO 

OUTPUT CAP. 

All 

PAD: 4.96pF 


0N40DJ 

0NL40DJ 



XXX 

PAD 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

Kigjjl 




pF=0 

pF=50 

pF=100 

K (ns/pF) 


ON40DJ 

ONL40DJ 

tpLH 

Propagation Delay, 

0.76 

0.76 

0.76 

0.00 


myifi 

KKEI 

0.00 

tpHL 

CKDR to TDO 



0.68 

0.00 



IQEB 

0.00 

tpLH 

Propagation Delay, 

0.70 


0.71 

0.00 

IQgQII 


IflEE&l 

0.00 

tpHL 

DO to PAD 

0.69 


4.69 

0.04 

0.88 

3.33 

lE&sl 

0.05 



1.54 



0.00 

1.92 

1.93 

1.93 

0.00 



1.54 

3.24 

4.94 

0.03 

10^29 




■m 


1.05 

1.05 

1.06 

0.00 

BEB 

IKEEH 

IQSI 

0.00 

^PHL 


1.06 

3.06 

5.06 

0.04 




0.05 


Propagation Delay, 

1.23 

1.24 

1.24 

0.00 



H[^|| 

0.00 

'ISfli 

UDDR to PAD 

1.23 

3.23 


0.04 

HBI 

non 

6.58 

0.05 

tr 

Output Rise Time, PAD 


■•HIM 

KOI 


IQ 2 SI 

0.01 


0.00 

tf 

Output Fall Time, PAD 





|Q{j| 

5.58 


0.10 

tr 

Output Rise Time, TDO 

0.63 

isicai 



0.87 

0.87 

0.87 

0.00 

tf 

Output Fall Time, TDO 

0.41 


0.41 

0.00 

0.52 

0.52 

0.52 
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ON40DJ ONL40DJ 


MOTOROLA TECHNICAL DATA 


TTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 

I I \ 5/5 V 



Parameter 


I Propagation Delay, 
OMC to PAD 


Propagation Delay, 

“ UDDR to PAD 

Output Rise Time, PAD 


Output Fall Time, PAD 


Output Rise Time, TDO 




pF=50 I pF=:100 |K(ns/pF) 
0N40DJ 


IpLH 

Propagation Delay, 

0.76 

tpHL 

CKDRtoTDO 

0.68 


Propagation Delay, 

DO to PAD 

■MM 



Rev. 1.07 

3.3/3.3 V 

pF=50 I pF=100 |K(ns/pF) 


0NL40DJ 


4.47 


0.06 1 

1.72 

4.72 

7.72 

0.01 

0.01 


0.00 

0.01 

0.01 

4.51 

8.61 

0.08 

IQglll 

5.58 


0.63 

0.63 

0.00 


0.87 


0.41 

0.41 

0.00 

1 0.52 1 

0.52 

1 0.52 1 



CMOS/TTL TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 
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MOTOROLA TECHNICAL DATA 


0N40DJ ONUODJ 
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0N80DJ 0NL80DJ 


MOTOROLA TECHNICAL DATA 


Non-Inverting Open-Drain Output 5/5 V 

Buffers - JTAG 3.3/3.3 V 

(3.3 V and 5 V System/Core Voitage) 


MACRO 

SECTIONS USED 

All 

0/1 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

PADJDO / 

DO.CKDR,UDDR,SHDR,TDI.OMC 


MACRO 

INPUT CAP. 

All 

CKDR.TDI: 0.04pF 

DO: 0.35pF 
OMC.SHDR: O.IOpF 

UDDR: O.OSpF 


MACRO 

OUTPUT CAP. 

All 

PAD: 4.96pF 


FUNCTION TABLE 


JTAG 1 

DO 

PAD 

L 

L 

H 

Z 


_ JTAG __ 

For JTAG Truth Table Information, 
See Table 7-5 “JTAG Logic Truth 
Table - ClockTSample Only” Inputs' 

I on page 7-183 in this Manual. 


0N80DJ 

0NL80DJ 


ON80DJ 

ONL80DJ 



XXX 

PAD 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

pF=0 

pF=50 

pF=100 

K (ns/pF) 

pF=0 

pF=50 

pF=100 

K (ns/pF) 


ON80DJ 

ONL80DJ 

Vlh 

Propagation Delay, 


KSSi 


0.00 

1.13 



0.00 

X 

Q. 

CKDR to TDO 


IfQ^III 


0.00 

0.95 


0.95 

0.00 

tpLH 

Propagation Delay, 

IEOH 


KESI 

0.00 

1.03 

besi 



tpHL 

DO to PAD 

KiSli 




0.99 

2.49 

3.99 

■Hi 

tpLH 

Propagation Delay, 



[Hgllll 

0.00 




0.00 

\MB!M 

OMC to PAD 

1.35 

2.40 

3.45 

0.02 

1.72 



0.02 

■sigi 

Propagation Delay, 

1.13 

1.13 

1.14 

0.00 

1.58 

1.59 


0.00 

tpHL 

TDO to PAD 

1.13 

2.38 





4.58 

0.03 





1.32 

0.00 





MBBM 


moil 


3.81 

0.03 

IQ^I 

KEEI 



tr 



0.01 

0.01 

0.00 


UliSill 



‘f 



2.88 

5.23 

0.05 

0.63 

3.53 


0.06 

tr 

Output Rise Time, TDO 


0.63 


0.00 

0.87 

0.87 

0.87 

0.00 

tf 

Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 

0.52 

0.52 

0.52 

0.00 
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0N80DJ 0NL80DJ 


MOTOROLA TECHNICAL DATA 


TTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

pF=0 

pF=50 

pF=100 

K (ns/pF) 

pF=0 

pF=50 

pF=100 

K (ns/pF) 


ON80DJ 

ONL80DJ 

tpLH 

Propagation Delay, 

0.76 

0.76 

0.76 

0.00 

1.13 

1.13 

1.13 

0.00 

tpHL 

CKDR to TDO 

0.68 

0.68 

0.68 

0.00 

0.95 

0.95 

0.95 

0.00 

tpLH 

Propagation Delay, 

0.85 

0.86 

0.86 

0.00 

1.09 

1.09 

1.10 

0.00 

tpHL 

DO to PAD 

0.86 

2.76 

4.66 

0.04 

1.05 

2.90 

4.75 

0.04 


Propagation Delay, 

1.70 

1.70 

■SB 

■SB 

BBS 

■SB 

mm 

0.00 

'Mssm 

OMC to PAD 

1.70 

3.30 

■SB 

■gRB 

BI^B 

BsSEB 

■SB 

0.03 

tpLH 

Propagation Delay, 

1.24 

1.24 


0.00 

1.64 

1.65 

1.65 

0.00 

tpHL 

TDO to PAD 

1.24 

3.14 


0.04 

1.64 

3.49 

5.34 

0.04 

tpLH 

Propagation Delay, 

1.42 

1.42 



1.85 

1.86 

1.86 

0.00 

tpHL 

UDDR to PAD 

1.42 

3.32 


KEEfl 

1.85 

3.70 

5.55 

0.04 

tr 

Output Rise Time, PAD 

0.00 

0.01 


0.00 

0.00 

0.01 

0.01 

0.00 

tf 

Output Fall Time, PAD 

0.53 

2.88 

5.23 

0.05 

0.63 

3.53 

6.43 

0.06 

tr 

Output Rise Time, TDO 

0.63 

0.63 

0.63 

0.00 

0.87 

0.87 

0.87 

0.00 

tf 

Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 

0.52 

0.52 

0.52 

0.00 


CMOS/TTL TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

Minimum Requirement 

Minimum Requirement 


ON80DJ 

ONL80DJ 

tsu 

Set Up Time, DO to CKDR 

0.18 

0.36 

tsu 

Set Up Time, SHDR to CKDR 

0.24 

0.43 

tsu 

Set Up Time, TDI to CKDR 

0.13 

0.26 

th 

Hold Time, CKDR to DO,TDI 

0.30 

0.40 

th 

Hold Time, CKDR to SHDR 

0.19 

0.25 

tw 

Pulse Width, CKDR(L) 

0.41 

0.67 

tw 

Pulse Width, CKDR(H) 

0.65 

1.00 

tw 

Pulse Width, UDDR(H) 

0.46 

0.66 


NOTE: 

For Functional Diagram see page 7-137 
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0N160DJ0NL160DJ 


MOTOROLA TECHNICAL DATA 


Non-Inverting Open-Drain Output 5/5 V 

Buffers - JTAG 3.3/3.3 V 

(3.3 V and 5 V System/Core Voltage) 


MACRO 

SECTIONS USED 

All 

0/1 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

PAD.TDO/ 

DO,CKDR,UDDR,SHDR,TDI,OMC 


MACRO 

INPUT CAP. 

All 

CKDR.TDI; 0.04pF 

DO: 0.40pF 
OMC.SHDR:0.10pF 

UDDR; O.OSpF 


MACRO 

OUTPUT CAP. 

All 

PAD: 4.96pF 


FUNCTION TABLE 


JTAG 1 

DO 

PAD 

L 

L 

H 

Z 


_ JTAG 

For JTAG Truth Table Information, 
See Table 7-5 "JTAG Logic Truth 
Table - Clock/”Sample Only” Inputs" 
on page 7-183 in this Manual. 


0N160DJ 

0NL160DJ 


1 



DO 


CKDR 


UDDR 

— 

SHDR 


TDO 


OMC 


0N160DJ 

0NL160DJ 


XX 




XXX 

PAD 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/5 V 

___ 

3.3/3.3 V 

pF=0 

_L_ 

pF=50 

pF=100 

K (ns/pF) 

pF=0 

pF=50 

pF=100 

K(ns/pF) 


ON160DJ 

_ 

ONL160DJ 

Vlh 

Propagation Delay, 

CKDR to TDO 

0.76 

0.76 

0.76 

0.00 

1.13 

1.13 

1.13 

0.00 

tpHL 

0.68 

0.68 

0.68 

0.00 

0.95 

0.95 

0.95 

0.00 

IHf 

Propagation Delay, 

DO to PAD 

0.79 

loim 


0.00 

1.09 


1.10 

0.00 

tpHL 

0.79 


IIQ3 

0.02 



3.06 

HSESH 

'PLH 

Propagation Delay, 

OMC to PAD 

1.28 

1.28 


0.00 



1.64 

IIQQgH 

X 

0. 

1.28 

1.98 

2.68 

0.01 


1291 

3.33 

0.02 1 

B9!9ii 

Propagation Delay, 

TDO to PAD 

1.19 

1.19 


0.00 

mgji 

1.68 

1.69 


tpHL 



2.89 

0.02 


2.67 

3.67 


^PLH 

Propagation Delay, 

UDDR to PAD 


1.37 

1.38 

0.00 

mjn 

1.89 

1.90 


Vhl 

1.37 

2.22 

KE3i 

0.02 

1.89 


UjUl 


tr 

Output Rise Time, PAD 

0.00 

0.01 


0.00 

0.00 



0.00 

tf 

Output Fall Time, PAD 



3.44 

0.03 

0.63 



0.03 

tr 

Output Rise Time, TDO 

0.63 

0.63 

0.63 

0.00 

0.87 

0.87 

0.87 

0.00 

tf 

Output Fall Time, TDO 



0.41 

0.00 

0.52 

0.52 

0.52 

0.00 
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MOTOROLA TECHNICAL DATA 


0N160DJ 0NL160DJ 


TTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 

r: ^ :—:-^^— 


Parameter 


pF=50 pF=100 K(ns/pF) pF=0 

0N160DJ 


Rev. 1.07 

3.3/3.3 V 

pF=50 I pF=100 I K(ns/pF) 
0NL160DJ 
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0N4TJ 0NX4TJ 0NLX4TJ 0NL4TJ 

MOTOROLA TECHNICAL DATA 


Non-Inverting 3-State Output 5/5 V 

Buffers - JTAG 5/3.3 V 

(3.3 V and 5 V System/Core Voltage) 3.3/5 V 

3.3/3.3 V 


ON4TJ 

ONX4TJ 

ONLX4TJ 

ONL4TJ 


MACRO 

SECTIONS USED 

All 

0/1 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

PAD.TDO / 

DO,EN,CKDR,UDDR,SHDR,TDI,OMC 


MACRO 

INPUT CAP. 

All 

CKDR.TDI: 0.04pF 

DO: 0.24pF 

EN: 0.19pF 
OMC,SHDR:0.10pF 

UDDR: O.OSpF 


MACRO 

OUTPUT CAP. 

All 

PAD: 4.96pF 


FUNCTION TABLE 


JTAG 1 

DO 

EN 

PAD 

L 

H 

L 

H 

H 

H 

X 

L 

Z 


_ JTAG _ 

For JTAG Truth Table Information, 
See Table 7-6 "JTAG Logic Truth 
Tables-Outputs" on page 7-184 in 
this Manual. 


ON4TJ 

ONX4TJ 

ONLX4TJ 

ONL4TJ 


]_L 


EN 

DO 

CKDR 

UDDR 


SHDR 

TDI 

OMC 

TDO 



XX 


XXX 

PAD 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

mv 

3.3/5 V 

pF=0 

pF=50 

pF=100 

K (ns/pF) 

pF=0 

pF=50 

pF=100 

K (ns/pF) 


ON4TJ 

ONLX4TJ 

tpLH 

Propagation Delay, 

0.71 

0.71 

0.71 

0.00 

0.71 

0.71 

0.71 

0.00 

Vhl 

CKDR to TDO 

0.72 

0.72 

0.72 

0.00 

0.72 

0.72 

0.72 

aoo 

tpLH 

Propagation Delay, 

1.00 


5.50 

0.05 

■IjB 


5.54 


tpHL 

DO to PAD 

1.02 


■^B 

0.04 

■■■ 


MSSSM 

0.04 1 

Vlz 

Propagation Delay, 






B31s3i 

IIQggH 


tpZL 

EN to PAD 



■HB 

0.04 

■IB 



0.06 

BS9 


KEB 

HlSil 

■jIB 

0.05 

■IB 


HSH 

0.05 

BSS 


■iEB 


■j^B 

0.00 




0.00 



■IB 


IB^B 

0.05 



IQQH 


HSSI 


1.21 

3.16 

■JB 

0.04 

1.02 



0.04 

tpLH 

Propagation Delay, 

1.42 

3.67 

5.92 

0.05 


3.72 

5.97 

0.05 

_I 

X 

Q. 

TDO to PAD 

1.38 

3.33 

5.28 

0.04 





tpLH 

Propagation Delay, 


3.80 

6.05 

0.05 


3.85 

MMhM 


tpHL 

UDDR to PAD 


3.51 

5.46 

0.04 



WESSM 

0.04 

‘r 



5.53 

10.69 

0.10 




0.10 

tf 



4.17 

7.97 

0.08 


If^sjcjll 


0.09 

tr 

Output Rise Time, TDO 

0.62 

0.62 

0.62 

0.00 




0.00 

tf 

Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 

1 0.41 

0.41 

0.41 

0.00 
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0N4TJ 0NX4TJ ONLX4TJ 0NL4TJ 


MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 




J Propagation Delay, 
lUDDR to PAD 


Output Rise Time, PAD 
Output Fall Time, PAD 


Output Rise Time, TDO 



3.44 


4.29 

5.44 

4.39 

5.67 

5.24 

6.08 

0.87 



I tf [Output Fall Time, TDO _ | 0.52 | 0.52 [ 0.52 | 0.00 | 0.52 | 0.52 | 0.52 | 0.00 | 


TTL SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


Rev. 1.07 
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0N4TJ 0NX4TJ 0NLX4TJ 0NL4TJ 


MOTOROLA TECHNICAL DATA 


TTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 



CMOS/TTL TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


Rev. 1.07 


Sym 

Parameter 

5/5V 

3.3/5 V 


Minimum Requirement 

Minimum Requirement 


Set Up Time, DO to CKDR 

0.19 

Set Up Time, SHDR to CKDR 

0.25 

Set Up Time, TDI to CKDR 

0.14 

Hold Time, CKDR to DO 

0.26 

Hold Time, CKDR to SHDR 

0.19 


Hold Time, CKDR to TDI 


Pulse Width, CKDR(L) 


Pulse Width, CKDR(H) 


Pulse Width, UDDR(H) 


ONL4TJ 

019 
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0N4TJ 0NX4TJ 0NLX4TJ ONL4TJ 


MOTOROLA TECHNICAL DATA 


CMOS/TTL TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 



Sym 

Parameter 

5/3.3 V 

3.3/3.3 V 



Minimum Requirement 

Minimum Requirement 



ONX4TJ 

ONL4TJ 

^su 

Set Up Time, DO to CKDR 

0.36 

0.35 

^su 

Set Up Time, SHDR to CKDR 

0.43 

0.43 




Hold Time, CKDR to DO 


Hold Time, CKDR to SHDR 
“ Hold Time, CKDR to TDI 
Pulse Width, CKDR(L) 
Pulse Width, CKDR(H) 
Pulse Width, UDDR(H) 




FUNCTIONAL DIAGRAM: ONxTJ 
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0N8TJ 0NX8TJ ONLX8TJ ONL8TJ 


MOTOROLA TECHNICAL DATA 


Non-Inverting 3-State Output 5/5 V ON8TJ 

Buffers - JTAG 5/3.3 V ONX8TJ 

(3.3 V and 5 V System/Core Voltage) 3.3/5 V ONLX8TJ 

3.3/3.3V ONL8TJ 


MACRO 

SECTIONS USED 

All 

0/1 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

PAD.TDO / 

DO,EN,CKDR,UDDR,SHDR,TDI,OMC 


MACRO 

INPUT CAP. 

All 

CKDR.TDI: 0.04pF 

DO: 0.24pF 

EN:0.19pF 

OMC.SHDR: O.IOpF 

UDDR: 0.08pF 


MACRO 

OUTPUT CAP. 

All 

PAD; S.IOpF 


FUNCTION TABLE 


JTAG 1 

DO 


PAD 

L 

H 

L 

H 

H 

H 

X 

L 

Z 


_ JTAG _ 

For JTAG Truth Table Information, 
See Table 7-6 "JTAG Logic Truth 
Tables - Outputs" on page 7-184 in 
this Manual. 



PAD 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

pF=0 

pF=50 

pF=100 

K (ns/pF) 

pF=0 

pF=50 

pF=100 

K (ns/pF) 


ON8TJ 

ONLX8TJ 




IQQH 


0.00 

0.71 

0.71 

0.71 

0.00 




lESSk 


0.00 


0.72 


0.00 





IQ^I 

0.03 

1.34 

2.69 


0.03 

ilB!9i 



mgjuii 


0.03 

1.16 

2.26 


0.02 

tpLZ 

Propagation Delay, 


0.90 

0.91 

0.00 

1.14 

1.15 


0.00 

tpZL 

EN to PAD 


2.24 

3.49 

0.03 



4.14 

0.03 

tpZH 

Propagation Delay, 

0.78 

2.08 

3.38 

0.03 

mi 

2.61 

noon 

0.03 

N 

X 

Q. 

EN to PAD 

0.77 

0.78 

0.78 

0.00 


1.21 

HQH 

0.00 

tpLH 

Propagation Delay, 



3.68 

0.03 

1.50 

2.86 

KEB 

0.03 

tpHL 

OMC to PAD 






WSBSM 

IQgglllll 


tpLH 

Propagation Delay, 

1.35 



0.03 

1.77 

KiBI 

KESII 


tpHL 

TDO to PAD 

1.46 

2.71 

3.96 

0.03 

1.53 

2.63 

3.73 

0.02 


Propagation Delay, 

1.48 

2.78 

4.08 

0.03 

1.90 

3.25 

4.60 

0.03 


UDDR to PAD 


2.89 



1.70 

2.80 

3.90 

0.02 

tr 


0.29 


6.19 

0.06 



6.49 

0.06 

tf 


0.48 


4.98 






tr 


0.62 


0.62 

0.00 

0.62 

0.62 

0.62 

0.00 

tf 

Output Fall Time, TDO 

0.41 

BEE&il 

0.41 


0.41 

0.41 

0.41 

0.00 
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0N8TJ 0NX8TJ 0NLX8TJ 0NL8TJ 

MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 



Parameter 

5/3.3 V 

3.3/3.3 V 

pF=0 

pF=50 

pF=100 

K (ns/pF) 






ONX8TJ 

ONL8TJ 

tpLH 

Propagation Delay, 

1.04 

1.04 

1.04 

0.00 

1.04 

1.04 

1.04 

0.00 

tpHL 

CKDR to TDO 

1.01 

1.01 

1.01 

0.00 

1.01 

1.01 

1.01 

0.00 

tpLH 

Propagation Delay, 

1.55 



0.02 


3.16 


0.04 

tpHL 

DO to PAD 

2.03 

3.58 

5.13 





0.03 

Vlz 

Propagation Delay, 

1.18 

1.19 

1.19 

0.00 



BBEB 

0.00 

tpZL 

EN to PAD 

1.27 

2.67 

4.07 



2.77 

EBB 

0.03 

tpZH 

Propagation Delay, 

1.35 

2.65 

3.95 


1.10 

2.95 

IBEB 

0.04 

fpHZ 

EN to PAD 

1.34 

1.34 

1.35 

0.00 

HE9 



0.00 

tpLH 

Propagation Delay, 

1.84 

3.09 

4.34 





0.04 

^PHL 

OMC to PAD 

2.30 

3.85 

5.40 

0.03 

BBS 



CO 

o 

d 

tpLH 

Propagation Delay, 

2.26 


imyjn 


IBSB 


5.71 

0.04 

tpHL 

TDO to PAD 

2.60 

1091 

H&3i 

0.03 

USB 


5.04 

0.03 

tpLH 

Propagation Delay, 

2.35 

3.60 

KEsSI 


2.09 



0.04 

tpHL 

UDDR to PAD 

2.83 

4.38 



2.26 



0.03 

tr 

Output Rise Time, PAD 

0.19 1 

3.04 

UsUI 


0.35 


8.45 

0.08 

tf 

Output Fall Time, PAD 

0.57 

3.37 

'USSIfllli 

0.06 


■clcgM 


0.05 

tr 




0.87 

0.00 



0.87 

0.00 

tf 



0.52 

0.52 

0.00 




0.00 


TTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

pF=0 

pF=50 

pF=100 

K (ns/pF) 

pF=0 

pF=50 

pF=100 

K (ns/pF) 


ON8TJ 

ONLX8TJ 

tpLH 

Propagation Delay, 

0.71 

0.71 

0.71 

0.00 

0.71 

0.71 

0.71 

0.00 

tpHL 

CKDR to TDO 

0.72 

0.72 

0.72 

0.00 

0.72 

0.72 

0.72 

0.00 

tpLH 

Propagation Delay, 

0.85 

1.50 

2.15 

0.01 

1.28 

2.33 

3.38 

0.02 

tpHL 

DO to PAD 

1.20 

3.10 

5.00 

0.04 

1.21 

2.61 

4.01 

0.03 

tpi_z 

Propagation Delay, 

1.01 

1.01 

1.02 

0.00 

1.19 

1.19 

1.20 

0.00 

tpZL 

EN to PAD 

1.11 

3.01 

4.91 

0.04 

1.28 

3.03 

4.78 

0.04 


Propagation Delay, 



IBB 

0.01 

MWIM 


3.34 

0.02 


EN to PAD 



lEQB 

0.00 



1.14 


B!39li 

Propagation Delay, 

BOB 

1.66 

EEB 

0.01 

beb 


3.54 

0.02 


OMC to PAD 

bebi 

bsb 


0.04 

1.41 

2.81 

4.21 

beeeb 

tpLH 

Propagation Delay, 


bbi 

2.58 

0.01 

1.71 

2.76 

3.81 



TDO to PAD 

beb 

bsb 

5.37 

0.04 

1.58 

2.98 

4.38 

0.03 

1W 

Propagation Delay, 



2.71 

0.01 

1.84 

2.89 

3.94 

0.02 

i■!9g■ 

UDDR to PAD 

bub 


5.55 

mm 

1.75 

3.15 

4.55 

0.03 

tr 

Output Rise Time, PAD 

b^b 


6.19 

■bb 

0.59 

3.54 

6.49 

0.06 

tf 

Output Fall Time, PAD 

0.48 

2.73 

4.98 

0.05 

0.55 

2.85 

5.15 

0.05 

tr 

Output Rise Time, TDO 

0.62 

0.62 

0.62 

0.00 

0.62 

0.62 

0.62 

0.00 

tf 

Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 

0.41 

_ 

0.41 

0.41 

0.00 
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0N8TJ 0NX8TJ 0NLX8TJ 0NL8TJ 


MOTOROLA TECHNICAL DATA 


TTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 

I I I 5/3.3 V 


Parameter 


pF=50 pF=100 K(ns/pF) 


3.3/3.3 V 

pF=50 I pF=100 I K(ns/pF) 
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0N8TJ 0NX8TJ 0NLX8TJ ONL8TJ 

MOTOROLA TECHNICAL DATA 


CMOSyTTL TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) ail units are In ns. Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/5 V 

Minimum Requirement 

Minimum Requirement 


ON8TJ 

ONLX8TJ 

^su 

Set Up Time, DO to CKDR 

0.19 

0.19 

Uu 

Set Up Time, SHDR to CKDR 

0.25 

0.25 

fsu 

Set Up Time, TDI to CKDR 

0.14 

0.14 


Hold Time, CKDR to DO 

0.26 

0.26 

th 

Hold Time, CKDR to SHDR 

0.19 

0.19 


Hold Time, CKDR to TDI 

0.32 

0.32 


Pulse Width, CKDR(L) 

0.40 

0.40 

tw 

Pulse Width, CKDR(H) 

0.78 

0.78 


Pulse Width, UDDR(H) 

0.47 

0.46 


CMOSHTL TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/3.3 V 

3.3/3.3 V 

Minimum Requirement 

Minimum Requirement 


ONX8TJ 

ONL8TJ 

fsu 

Set Up Time, DO to CKDR 

0.36 

0.35 

fsu 

Set Up Time, SHDR to CKDR 

0.43 

0.43 

fsu 

Set Up Time, TDI to CKDR 

0.28 

0.28 

th 

Hold Time, CKDR to DO 

0.36 

0.37 

th 

Hold Time, CKDR to SHDR 

0.25 

0.25 

th 

Hold Time, CKDR to TDI 

0.42 

0.42 

tw 

Pulse Width, CKDR(L) 

0.67 

0.67 

tw 

Pulse Width, CKDR(H) 

1.18 

1.18 

tw 

Pulse Width, UDDR(H) 

0.64 

0.64 


NOTE: 

For Functional Diagram see page 7-145 
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ON16TJ 0NLX16TJ 0NL16TJ 


MOTOROLA TECHNICAL DATA 


Non-Inverting 3-State Output 5/5 V ON16TJ 

Buffers-JTAG 3.3/5 V ONLX16TJ 

(3.3 V and 5 V System/Core Voltage) 3.3/3.3V ONL16TJ 


MACRO 

SECTIONS USED 

All 

0/1 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

PAD.TDO / 

DO,EN,CKDR,UDDR,SHDR,TDI,OMC 


MACRO 

INPUT CAP. 

All 

CKDR.TDI: 0.04pF 

DO,EN: 0.24pF 

OMC.SHDR; O.IOpF 

UDDR; O.OepF 


MACRO 

OUTPUT CAP. 

All 

PAD; 5.76pF 


FUNCTION TABLE 


JTAG 1 

DO 

EN 

PAD 

L 

H 

L 

H 

H 

H 

X 

L 

Z 


_ JTAG _ 

For JTAG Truth Table Information, 
See Table 7-6 'JTAG Logic Truth 
Tables - Outputs" on page 7-184 in 
this Manual. 


J_L 


EN 

DO 

CKDR 

UDDR 


SHDR 

TDI 

TDO 

OMC 



ON16TJ 

ONLX16TJ 

ONL16TJ 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 



Parameter 

5/5 V 

3.3/5 V 

pF=0 

pF=50 

pF=100 

K(ns/pF) 

pF=0 

pF=50 

pF=100 

K (ns/pF) 



ONLX16TJ 

tpLH 

Propagation Delay, 

0.71 


0.71 

0.00 

0.71 

0.71 

0.71 

0.00 

tpHL 

CKDR to TDO 

0.72 


0.72 



0.72 

0.72 

0.00 

tpLH 

Propagation Delay, 

1.04 


2.64 

0.02 

1.29 

2.64 


0.03 

tpHL 

DO to PAD 

1.18 


2.78 

0.02 




0.01 

tpLZ 

Propagation Delay, 

0.90 


0.91 






tpZL 

EN to PAD 

0.99 

1.84 

2.69 

wEm 

HE&il 

1.84 

2.64 

0.02 

VZH 

Propagation Delay, 

0.90 

1.75 

2.60 

0.02 

1.14 


3.94 

0.03 

tpHZ 

EN to PAD 

0.89 


0.90 

0.00 


IQQI 

1.14 

0.00 

tpLH 

Propagation Delay, 

1.22 


2.82 

0.02 



4.17 


tpHL 

OMC to PAD 

1.36 


2.96 

0.02 


1.90 

2.55 

0.01 1 

tpLH 

Propagation Delay, 

1.47 

2.27 

3.07 

0.02 

■Qi 

3.07 

4.42 


Vhl 

TDO to PAD 

1.53 

2.33 

3.13 

0.02 

1 1.42 

2.07 


0.01 

tpLH 

Propagation Delay, 

1.60 


3.20 

0.02 




0.03 

tpHL 

UDDR to PAD 

1.71 

l^glll 

3.31 





0.01 

tr 

Output Rise Time, PAD 

0.43 



0.03 

0.58 

3.53 

KS9 


tf 

Output Fall Time, PAD 

0.48 

1.88 


0.03 

0.47 

HDOl 


0.02 

tr 

Output Rise Time, TDO 

0.62 

0.62 

0.62 

0.00 





tf 

Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 

1 0.41 

0.41 


0.00 
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jjjWiW 






m 



tpLH Propagation Delay, 
tpHL CKDR to TDO 



1.04 

I 1 


1.01 


tpzH Propagation Delay, 
tpHz EN to PAD 


1.23 

BStsliBSIsalll 

1.20 

mEmmEM 


tpLH Propagation Delay, 
tpHL to PAD 







4.50 

0.02 

4.14 

0.02 


0.02 


0.02 


0.05 

KEB 

0.03 

0.87 

0.00 

0.52 

0.00 


pF=100 K (ns/pF) 


ONLX16TJ 


Propagation Delay, 
■ EN to PAD 
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0.76 

0.77 

1.54 

1.99 



1.80 


2.84 




2.13 


1.88 

3.28 

0.62 

0.62 

0.41 

0.41 
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0N16TJ 0NLX16TJ 0NL16TJ 


MOTOROLA TECHNICAL DATA 


TTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 

I I I 3.3/3.3V 


Rev. 1.07 


Parameter 


pF=100 K(ns/pF) 


ONL16TJ 


1.04 



1.04 

0.00 

1.01 

0.00 




0.02 

1.26 

0.00 

3.73 

0.02 

2.97 

0.02 

warn 

0.00 

3.51 

0.02 

WEEBM 

0.02 

HESI 

0.02 

WEESM 


MSM 

0.02 

KBil 

0.02 

5.22 

0.05 

3.99 

0.03 


0.00 


0.00 

_1 



CMOS/TTL TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 

rr ^-::—^^ ^ - 


Parameter 


MOTOROLA 
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Minimum Requirement 








Rev. 1.07 

3.3/5 V 

Minimum Requirement 
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0N16TJ 0NLX16TJ 0NL16TJ 

MOTOROLA TECHNICAL DATA 


CMOS/TTL TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

3.3/3.3 V 

Minimum Requirement 


ONL16TJ 

tsu 

Set Up Time, DO to CKDR 

0.40 

tsu 

Set Up Time, SHDR to CKDR 

0.43 

tsu 

Set Up Time, TDI to CKDR 

0.28 

th 

Hold Time, CKDR to DO 

0.35 

th 

Hold Time, CKDR to SHDR 

0.25 

th 

Hold Time, CKDR to TDI 

0.42 

tw 

Pulse Width, CKDR(L) 

0.67 

tw 

Pulse Width, CKDR(H) 

1.18 

tw 

Pulse Width, UDDR(H) 

0.64 


NOTE: 

For Functional Diagram see page 7-145 
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ON4TS2J ON8TS2J ON16TS2J 

MOTOROLA TECHNICAL DATA 


Non-Inverting 3-State Output 5/5 V ON4TS2J 

Buffers - JTAG With Slew Rate Control (S2) ON8TS2J 

(5 V System/Core Voltage) 0N16TS2J 


MACRO 

SECTIONS USED 

All 

0/1 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

PADJDO/ 

DO.EN.CKDR.UDDR.SH 

DR,TDI,OMC 


MACRO 

INPUT CAP. 

ON4TS2J, 

ON8TS2J 

CKDR.TDI: 0.04pF 

DO: 0.24pF 
EN:0.19pF 
OMC.SHDR: 0.1 OpF 
UDDR: O.OSpF 

ON16TS2J 

CKDR.TDI: 0.04pF 
DO.EN: 0.24pF 
OMC.SHDR: 0.1 OpF 
UDDR: O.OSpF 


MACRO 

OUTPUT CAP. 

ON4TS2J 

PAD: 4.96pF 

ON8TS2J 

PAD: 5.1 OpF 

ON16TS2J 

PAD: 5.76pF 


FUNCTION TABLE 


JTAG 1 

DO 

EN 

1 PAD 

L 

H 


H 

H 


X 

L 



_JTAG_ 

For JTAG Truth Table Information, 
See Table 7-6 "JTAG Logic Truth 
Tables - Outputs* on page 7-184 in 
this Manual. 


ON4TS2J 

ON8TS2J 

ON16TS2J 


L_I 


EN 

DO 

CKDR 


UDDR 


SHDR 


TDI 

TDO 

OMC 




XX 


XXX 

PAD 


CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 



Parameter 

5/5 V 



pF=100 

K(ns/pF) 

ON4TS2J 1 


Propagation Delay, 

loom 

0.71 

0.71 

0.00 


CKDR to TDO 


MikiM 

MikM 

0.00 

tpLH 

Propagation Delay, 

1.64 

3.94 

m^M 


tpHL 

DO to PAD 

1.43 

3.43 


0.04 

Vlz 

Propagation Delay, 

1.23 

1.24 

1.24 

0.00 


EN to PAD 

1.33 

3.38 

5.43 

0.04 

tpZH 

Propagation Delay, 

1.52 

3.87 

6.22 

0.05 

tpHZ 

EN to PAD 

1.51 

1.52 

1.52 

0.00 

tpLH 

Propagation Delay, 



6.40 

0.05 


OMC to PAD 



5.62 



Propagation Delay, 




0.05 

tpHL 

TDO to PAD 

1.79 

3.79 

5.79 

0.04 


Propagation Delay, 


j||Q9 


0.05 

tpHL 

UDDR to PAD 




0.04 

tr 

Output Rise Time, PAD 

MBICTi 

EB 


0.10 

tf 

Output Fall Time, PAD 

0.55 

iBSB 

■lEl 

0.08 

tr 

Output Rise Time, TDO 

0.62 

■iIsM 

0.62 

0.00 

tf 

Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 


MOTOROLA 

7-154 


H4CPIUS Series Design Reference Guide 












































ON4TS2J ON8TS2J ON16TS2J 

MOTOROLA TECHNICAL DATA ■■■HlHi 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

pF=0 

pF=50 

pF=:100 

K(ns/pF) 1 

ON8TS2J I 

tpLH 

Propagation Delay, 

0.71 

0.71 

0.71 

0.00 

tpHL 

CKDR to TDO 

0.72 

0.72 

0.72 

0.00 

tpLH 

Propagation Delay, 

1.58 



0.03 

tpHL 

DO to PAD 

1.37 


IHcgjiM 

0.03 

tpL2 

Propagation Delay, 

1.18 

1.18 

1.19 


msm 

EN to PAD 





VZH 

Propagation Delay, 




0.03 

Vhz 

EN to PAD 

1.45 

1.45 


0.00 

HSIS 




4.55 






4.17 

0.03 


Propagation Delay, 


noon 

4.81 

0.03 

HS99i 

TDO to PAD 



4.33 

0.03 

tpLH 

Propagation Delay, 

2.14 

3.54 

4.94 

0.03 

tpHL 

UDDR to PAD 

1.91 

McW 


0.03 

tr 

Output Rise Time, PAD 

0.79 



0.06 

tf 

Output Fall Time, PAD 

0.71 



0.05 

tr 

Output Rise Time, TDO 

0.62 

0.62 


0.00 

tf 

Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 

ON16TS2J 

tpLH 

Propagation Delay, 

0.71 

0.71 

0.71 

0.00 

tpHL 

CKDR to TDO 

0.72 

0.72 

0.72 

0.00 

tpLH 

Propagation Delay, 

1.72 

2.67 

3.62 

0.02 

tpHL 

DO to PAD 

1.52 

2.42 

3.32 

0.02 

tpLZ 

Propagation Delay, 

1.26 

1.27 

1.27 

0.00 

tpZL 

EN to PAD 

1.35 

2.25 

3.15 

0.02 

tpZH 

Propagation Delay, 

1.58 

2.53 

3.48 

0.02 

tpHZ 

EN to PAD 

1.57 

1.58 

1.58 

0.00 

tpLH 

Propagation Delay, 

1.89 

2.84 

3.79 

0.02 

tpHL 

OMC to PAD 

1.70 

2.60 

3.50 

0.02 

tpLH 

Propagation Delay, 

2.15 

3.10 

4.05 

0.02 

tpHL 

TDO to PAD 

1.88 

2.78 

3.68 

0.02 

tpLH 

Propagation Delay, 

2.28 

3.23 

4.18 

0.02 

tpHL 

UDDR to PAD 

2.04 

2.94 

3.84 

0.02 

tr 

Output Rise Time, PAD 

0.78 

2.53 

4.28 

0.04 

tf 

Output Fall Time, PAD 

0.64 

2.09 

3.54 

0.03 

tr 

Output Rise Time, TDO 

0.62 

0.62 

0.62 

0.00 

tf 

Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 
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ON4TS2J ON8TS2J ON16TS2J 



MOTOROLA TECHNICAL DATA 


TTL SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0oC (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/5 V I 

pF=0 I pF=50 

pF=100 

K(ns/pF) 1 

ON4TS2J I 

tpLH 

Propagation Delay, 

CKDR to TDO 

0.71 

0.71 

0.71 

0.00 

tpHL 

0.72 

0.72 

0.72 

0.00 

tpLH 

Propagation Delay, 





tpHL 

DO to PAD 




0.06 1 

tpLZ 

Propagation Delay, 

1.35 

1.36 




EN to PAD 

1.45 

4.65 


0.06 

tpZH 

Propagation Delay, 

1.33 

2.53 

3.73 

0.02 

^PHZ 

EN to PAD 


1.33 

1.34 

0.00 

^PLH 

Propagation Delay, 


BE3I 

4.03 

0.02 

Vhl 

OMC to PAD 

1.73 


HEESH 

0.06 

tpLH 

Propagation Delay, 

1.89 


mgii 

0.02 

tpHL 

TDO to PAD 

1.90 

5.00 

8.10 

0.06 

tpLH 

Propagation Delay, 

mgji 


WESSM 

0.02 

Vhl 

UDDR to PAD 

fBS3M 



0.06 

tr 

Output Rise Time, PAD 

0.70 

5.80 

10.90 

0.10 

tf 

Output Fall Time, PAD 

0.55 

4.35 


0.08 

tr 

Output Rise Time, TDO 


0.62 


0.00 

tf 

Output Fall Time, TDO 




0.00 

ON8TS2J I 

tpLH 

Propagation Delay, 


0.71 

0.71 

0.00 

tpHL 

CKDR to TDO 


0.72 

0.72 

0.00 

tpLH 

Propagation Delay, 


2.15 

2.95 

0.02 

tpHL 

DO to PAD 

1.52 

3.47 


0.04 

tpLZ 

Propagation Delay, 


mjm 


0.00 

tpZL 

EN to PAD 

hesi 



0.04 

tpZH 

Propagation Delay, 

1.22 

mggH 


0.02 

tpHZ 

EN to PAD 

1.21 

■HMJII 


0.00 

tpLH 

Propagation Delay, 


2.32 

3.12 

0.02 

tpHL 

OMC to PAD 


3.66 

5.61 

0.04 

tpLH 

Propagation Delay, 


2.58 

3.38 

0.02 

tpHL 

TDO to PAD 


3.83 

5.78 

0.04 

tpLH 

Propagation Delay, 


2.71 

3.51 

0.02 

tpHL 

UDDR to PAD 


4.01 

5.96 

0.04 

tr 





0.06 

tf 

Output Fall Time, PAD 

0.71 


I^QIII 

0.05 

tr 

Output Rise Time, TDO 

0.62 



0.00 

tf 

Output Fall Time, TDO 

0.41 



0.00 

I ON16TS2J I 

tpLH 

Propagation Delay, 

0.71 

0.71 

0.71 

0.00 

tpHL 

CKDR to TDO 

0.72 

0.72 

0.72 

0.00 

tpLH 

Propagation Delay, 

1.48 

2.08 

2.68 

0.01 

tpHL 

DO to PAD 

1.66 

2.96 

4.26 

0.03 

tpLZ 

Propagation Delay, 

1.41 

1.42 

1.42 

0.00 

tpZL 

EN to PAD 

1.50 

2.80 

4.10 

0.03 



1.34 

1.94 


0.01 

HSfiSi 


1.33 

iKsa 


0.00 

tpLH 

Propagation Delay, 

1.66 



0.01 

tpHL 

OMC to PAD 

1.84 


msam 

0.03 


MOTOROLA 

7-156 


H4CPIUS Series Design Reference Guide 








































































ON4TS2J ON8TS2J ON16TS2J 

MOTOROLA TECHNICAL DATA 


TTL SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/5 V 1 

pF=0 

pF=50 

pF=100 

K (ns/pF) 

tpLH 

Propagation Delay, 

1.91 

2.51 

3.11 

0.01 

tpHL 

TDO to PAD 

2.02 

3.32 

4.62 

0.03 

tpLH 

Propagation Delay, 

2.05 

2.65 

3.25 

0.01 

tpHL 

UDDR to PAD ! 

2.19 

3.49 

4.79 

0.03 

tr 

Output Rise Time, PAD 

0.78 

2.53 

4.28 

0.04 

tf 

Output Fall Time, PAD 

0.64 

2.09 

3.54 

0.03 

tr 

Output Rise Time, TDO 

0.62 

0.62 

0.62 

0.00 

tf 

Output Fall Time, TDO 

0.41 

0.41 

0.41 

0.00 


CMOS/TTL TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


Sym 

Parameter 

5/5 V 

Minimum Requirement 

ON4TS2J 

tsu 

Set Up Time, DO to CKDR 

0.19 

tsu 

Set Up Time, SHDR to CKDR 

0.25 

tsu 

Set Up Time, TDI to CKDR 

0.14 

th 

Hold Time, CKDR to DO 

0.26 

th 

Hold Time, CKDR to SHDR 

0.19 

th 

Hold Time, CKDR to TDI 

0.32 

tw 

Pulse Width, CKDR(L) 

0.40 

tw 

Pulse Width, CKDR(H) 

0.78 

tw 

Pulse Width, UDDR(H) 

0.46 

ON8TS2J 

tsu 

Set Up Time, DO to CKDR 

0.19 

tsu 

Set Up Time, SHDR to CKDR 

0.25 

tsu 

Set Up Time, TDI to CKDR 

0.14 

th 

Hold Time, CKDR to DO 

0.26 

th 

Hold Time, CKDR to SHDR 

0.19 

th 

Hold Time, CKDR to TDI 

0.32 

tw 

Pulse Width, CKDR(L) 

0.40 

tw 

Pulse Width, CKDR(H) 

0.78 

tw 

Pulse Width, UDDR(H) 

0.47 

ON16TS2J 

tsu 

Set Up Time, DO to CKDR 

0.19 

tsu 

Set Up Time, SHDR to CKDR 

0.25 

tsu 

Set Up Time, TDI to CKDR 

0.14 

th 

Hold Time, CKDR to DO 

0.25 

th 

Hold Time, CKDR to SHDR 

0.19 

th 

Hold Time, CKDR to TDI 

0.32 

tw 

Pulse Width, CKDR(L) 

0.40 

tw 

Pulse Width, CKDR(H) 

0.78 

tw 

Pulse Width, UDDR(H) 

0.47 


NOTE 

For Funtional Diagram see page 7-145 
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OSCPBJ/OSCPBU OSCPHBJ/OSCPHBLJ OSCPSBJ/OSCPSBLJ 

motorola technical data 



CMOS SWITCHING CHARACTERISTICS PADO PADI 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) ad units are in ns._ Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 1 

FO=0 I FO=2 I FO=8 K(ns/pF) 

FO=0 1 FO=2 

FO=8 1 K (ns/pF) | 


OSCPBJ 

OSCPBLJ 1 

Vlh 

Propagation Delay, 

CKDR to TDO 


0.68 


0.00 

1.01 

m^Qiii 


0.00 1 

^PHL 

KBH 

WEBM 


0.00 


keb 



,B!9ni 

Propagation Delay, 

PADI to Dl 




1.25 


keb 

4.07 


'msm 


3.17 


1.44 



4.36 

1.28 

»r 

Output Rise Time, Dl 


0.32 

0.40 

0.29 



0.49 

0.37 

tf 



0.35 

MiigM 

0.26 

0.30 



0.30 

‘r 



0.58 


0.00 

0.79 


0.79 

0.00 



0.39 

0.39 

0.39 

0.00 

0.49 


0.49 

0.00 


OSCPHBJ I 

OSCPHBLJ 1 


Propagation Delay, 

CKDR to TDO 




0.00 

1.01 

1.01 

1.01 

0.00 1 

■SM 

KBQM 


0.71 

0.00 


0.98 



■aw 

Propagation Delay, 

PADI to Dl 




0.04 



3.66 

0.05 

HSENl 

4.14 


mssm 

0.06 




0.05 

tr 

Output Rise Time, Dl 

2.05 

2.06 

2.07 

0.05 




■eebi 

‘f 

Output Fall Time, Dl 

2.22 


2.24 

0.05 



0.42 

WBESa 

‘r 

Output Rise Time, TDO 

0.58 


0.58 

0.00 

0.79 

0.79 

0.79 

0.00 

tf 



0.39 

0.39 

0.00 




0.00 


OSCPSBJ 

OSCPSBLJ 1 

■ai!B 




0.68 




1.01 

0.00 1 

■aw 

WBkim 

0.71 ^ 

0.71 

HESH 

keb 




■aw 

Propagation Delay, 

PADI to Dl 


KESI 

3.44 

beesi 

KBI 



0.07 

■aw 

■EEB 

HEESI 

4.92 


HBBI 


7.18 

0.04 

‘r 

Output Rise Time, Dl 

2.05 

2.06 

2.07 

0.05 


0.38 

0.49 


tf 

Output Fall Time, Dl 



2.32 

0.05 


0.33 

0.42 

0.30 

tr 

Output Rise Time, TDO 



0.58 

0.00 



0.79 

0.00 


Output Fall Time, TDO 

0.39 

0.39 

0.39 

0.00 

1 0.49 

0.49 

0.49 

0.00 


Fanout (FO) capacitance does not include estimated metal lengths (each FO = 0.05pF). 
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OSCPBJ/OSCPBU OSCPHBJ/OSCPHBU OSCPSBJ/OSCPSBU 

MOTOROLA TECHNICAL DATA I 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 

rz \ I ^ I 5^v 


pF=:50 I pF=100 |K(ns/pF) 


OSCPBJ 


Rev. 1.07 

3.3/3.3 V 

pF=50 I pF=100 I K(ns/pF) 


OSCPBU 
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OSCPBJ/OSCPBU OSCPHBJ/OSCPHBU OSCPSBJ/OSCPSBLJ 

■■■■■■■■■ MOTOROLA TECHNICAL DATA 

FUNCTIONAL DIAGRAM: OSCPBJ 


Dl 



PADO PAD! 
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MOTOROLA TECHNICAL DATA 


CKDRMID 


Section 7.3.5 Miscellaneous Boundary-Scan Macros -JTAG 


Boundry Scan Cell Clock Driver - JTAG 
(Unused I/O or Pwr/Gnd Site) 

(3.3 V and 5 V System/Core Voitage) 




CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns. Rev.1.07 



Japacitance per fanout = 0.05 pF (metal capacitance is not included). 


FUNCTIONAL DIAGRAM: CKDRMID 


A 


EXTRA RING 
CKDR 
UDDR 
IMC 

sTidr 

TDJ_ 

OMC 
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CKDRCC1 


MOTOROLA TECHNICAL DATA 


Boundry Scan Cell Clock Driver - JTAG 
(Unused I/O or Pwr/Gnd Site) 

(3.3 V and 5 V System/Core Voitage) 


MACRO 

EQUIV. GATES 

CKDRCC1 

0 


MACRO 

OUTPUTS/INPUTS 

CKDRCC1 

CKDR/A 


MACRO 

INPUT CAP. 

CKDRCC1 

A: 0.21pF 


FU NCTION TAB LE 
I JTAG I 


5/5 V/3.3/3.3V 


CKDRCC1 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns. 

r~i I I 1 5«v 


Parameter 


tpLH Propagation Delay, 
tpHL A to CKDR 


t. Output Rise Time, CKDR 




Capacitance per fanout = 0.05 pF (metal capacitance Is not included 

FUNCTIONAL DIAGRAM: CKDRCC1 


3.3/3.3V 


FO=:0 I FO=2 I FO=8|K(ns/pF)r FO=0 1 FO=2 FO=8 [K(ns/pF)| 


CKDRCC1 



0.48 

0.50 

0.45 

0.47 

0.44 


0.27 

iMiiiaM 

included). 



EXTRA RING 
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CKDRCC2 


MOTOROLA TECHNICAL DATA 


Boundry Scan Cell Clock Driver - JTAG 
(Unused I/O or Pwr/Gnd Site) 

(3.3 V and 5 V System/Core Voltage) 


FUNCTION TABLE 


JTAG I 


CKDR 

L 


L 

H 


H 



5/5 V / 3.3/3.3 V CKDRCC2 


A 

CKDR 


CKDRCC2 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) alt units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

CKDRCC2 

tpLH 

Propagation Delay, 

A to CKDR 

0.48 

0.48 

0.50 

0.07 

0.65 

0.66 

0.69 

0.10 

tpHL 

0.44 

0.45 

0.47 

0.07 

0.55 

0.55 

0.58 

0.09 


Output Rise Time, CKDR 

0.43 

0.44 

0.48 

0.13 

0.61 

0.62 

0.67 

0.17 

tf 

Output Fall Time, CKDR 

0.26 

0.27 

0.31 

0.11 

0.26 

0.27 

0.31 

0.13 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


FUNCTIONAL DIAGRAM: CKFRCC2 


EXTRA RING 


CKDR 
mDR 
IMC _ 
SmR 

IPL- 

OMC”" 
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IMCDR 

MOTOROLA TECHNICAL DATA 


Boundry Scan Cell Input Mode Control 5/5 V / 3.3/3.3 V IMCDR 

Driver - JTAG 

(Unused I/O or Pwr/Gnd Site) 

(3.3 V and 5 V System/Core Voitage) 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev.1.07 



FUNCTIONAL DIAGRAM: IMCDR 


A 


Cj<DR 

UDDR 

1mc_" 

shdr“ 

jsCI 

OMC' 


MOTOROLA H4CPIUS Series Design Reference Guide 



MACRO 

EQUIV. GATES 

IMCDR 

0 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

IMCDR 

IMC/A 


MACRO 

INPUT CAP. 

IMCDR 

A: 0.20pF 
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OMCDR 

MOTOROLA TECHNICAL DATA 


Boundry Scan Cell Output Mode Control 
Driver - JTAG 

(Unused I/O or Pwr/Gnd Site) 

(3.3 V and 5 V System/Core Voltage) 


FUNCTION TABLE 




CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns. 

I I 

' ' Parameter ' 


Rev. 1.07 


3.3/3.3 V 


1 

FO=8 1 K (ns/pF) | 

1 FO=:0 

1 FO=2 


tpLH Propagation Delay, 
tpHL A to OMC 


Output Rise Time, OMC 


Output Fall Time, OMC 


Capacitance per fanout = 0.05 pF (metal capacitance is not included) 


0.47 


0.43 0.44 0.48 0.13 


0.26 0.27 



FUNCTIONAL DIAGRAM: OMCDR 
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ISOR 


MOTOROLA TECHNICAL DATA 


Clock Net ISO and Test Data Resync- JTAG 5/5 V / 3.3/3,3 V ISOR 

(Unused I/O or Output Pwr/Gnd Site) 

(3.3 V and 5 V System/Core Voltage) 



CKDRB 

ISOR 

TDI TOO 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

FO=0 

FO=2 

FO=8 


FO=0 

FO=2 

FO=8 


ISOR 

■BBM 

Propagation Delay, 

CKDRB to TDO 

0.60 

0.60 

0.60 

0.00 




0.00 

msm 

0.71 

0.71 

0.71 

0.00 




0.00 

tr 

Output Rise Time, TDO 

0.58 

0.58 

0.58 

0.00 





tf 


0.38 


0.38 

0.00 

0.50 


0.50 

0.00 


(Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


CMOS TIMING REQUIREMENTS (Input Edge Rate tr,tf=1 .00ns) Rev. 1 .07 



Parameter 

5/5 V 

3.3/3.3 V 

Minimum Requirement 

Minimum Requirement 

ISOR 


Set Up Time, TDI to CKDRB 

0.11 

0.20 

th 

Hold Time, CKDRB to TDI 

0.36 

0.49 

— 

Pulse Width, CKDRB(L) 

0.40 

0.64 

miimiin 

Pulse Width, CKDRB(H) 

0.62 

0.92 


FUNCTIONAL DIAGRAM: ISOR 


TDI. 


CKDRB- 





TDO 
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MOTOROLA TECHNICAL DATA 


SHDR 


Boundry Scan Cell Shift Driver - JTAG 
(Unused i/0 or Pwr/Gnd Site) 

(3.3 V and 5 V System/Core Voltage) 


FUNCTION TABLE 



5/5V/3.3/3.3V SHDR 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns. Rev.1.07 

I I 5«V I 3.3/3.3 V 


Sym 

Parameter 

FO=0 

FO=:2 

FO=8 

K (ns/pF) 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

SHDR 

tpLH 

Propagation Delay, 

0.48 

0.48 

0.50 

0.07 

0.65 

0.66 

0.69 

0.10 

Vhl 

A to SHDR 

0.44 

0.45 

0.47 

0.07 

0.55 

0.55 

0.58 

0.09 

tr 

Output Rise Time, SHDR 

0.43 

0.44 

0.48 

0.13 

0.61 

0.62 

0.67 

0.17 

tf 

Output Fall Time, SHDR 

0.26 

0.27 

0.31 

0.11 

0.26 

0.27 

0.31 

0.13 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 

FUNCTIONAL DIAGRAM: SHDR 

A 
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TDBUF 


MOTOROLA TECHNICAL DATA 


B < S Register Test Data Buffer 
(Unused I/O or Output Pwr/Gnd Site) 
(3.3 V and 5 V System/Core Voltage) 


5/5 V/3.3/3.3 V 


MACRO 

EQUIV. GATES 

TDBUF 

1/0 


MACRO 

OUTPUTS/INPUTS 

TDBUF 

TDO/TDI 


MACRO 

INPUT CAP. 

TDBUF 

TDI:0.11pF 


TDBUF 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=:1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 







MOTOROU 


H4CPius Series Design Reference Guide 


7-168 

































UDDR 


MOTOROLA TECHNICAL DATA 


Boundry Scan Cell Update Driver - JTAG 
(Unused I/O or Pwr/Gnd Site) 

(3.3 V and 5 V System/Core Voltage) 


FUNCTtON TABLE 


1 JTAG 1 

A 

UDDR 

L 

L 

H 

H 



5/5V/3.3/3.3 V UDDR 


i 

A 


UDDR 


UDDR 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

FO=0 

FO=2 FO=8 

K (ns/pF) 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

UDDR 

tpLH 

Propagation Delay, 

A to UDDR 

0.48 

0.48 

0.50 

0.07 

0.65 

0.66 

0.69 

0.10 

Vhl 

0.44 

0.45 

0.47 

0.07 

0.55 

0.55 

0.58 

0.09 

tr 

Output Rise Time, UDDR 

0.43 

0.44 

0.48 

0.13 

0.61 

0.62 

0.67 

0.17 

tf 

Output Fall Time, UDDR 

0.26 

0.27 

0.31 

0.11 

0.26 

0.27 

0.31 

0.13 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 

FUNCTIONAL DIAGRAM: UDDR 


7 


t 

CKDR 


SHDR 


OMC 
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ENSCANJ 


MOTOROLA TECHNICAL DATA 


Enable Scan Macro - JTAG 5/5 V / 3.3/3.3 V ENSCANJ 

(Unused I/O or Output Pwr/Gnd Site) 

(3.3 V and 5 V System/Core Voltage) 

FUNCTION TABLE 


CKDR 

UDDR 


SHDR 

TDI TOO 
OMC 

ENSCANJ 


MACRO 

EQUIV. GATES 

ENSCANJ 

0 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

ENSCANJ 

OEN.TDO/ 

BSEN.RB,CKDR,UDDR, 
SHDR,TDI,OMC 


MACRO 

INPUT CAP. 

ENSCANJ 

BSEN: 0.12pF 
CKDR,TDI: 0.04pF 
OMC,SHDR;0.10pF 

RB; 0.02pF 

UDDR; O.OSpF 


JTAG 


For JTAG Truth Table Information, See 
Table 7-7 "JTAG Logic Truth Tables - 
Enable Scan* on page 7-184 in this 
Manual. 


J_J_L 


“ w w 

go 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

FO=0 

FO=2 





O 

II 

00 

K (ns/pF) 1 

ENSCANJ 

tpLH 

Propagation Delay, 


0.47 

0.51 





0.16 

tpHL 

BSEN to OEN 




014 

0.46 


■Bi 

0.19 

■aigi 

Propagation Delay, 

0.58 

0.58 

0.58 


0.85 

beb 

keb 

0.00 

tpHL 

CKDR to TDO 




0.00 


besi 

warn 

0.00 


Propagation Delay, 




0.12 



1.15 

0.17 


OMC to OEN 




0.15 




0.19 

■asH 

Propagation Delay, RB to OEN 



0.85 

0.15 

1.11 


1.19 

0.19 

tpLH 

Propagation Delay, 



1.17 

0.11 


1.71 


0.16 

mssM 

TDO to OEN 

0.88 

0.90 

0.94 

0.15 


■EB 

BEB 

0.18 

tpLH 

Propagation Delay, 


mem 

1.27 




T:CTi 

0.16 

tpHL 

UDDR to OEN 

beeb 

■EB 

1.10 

0.15 


1.51 

1.56 

0.18 

tr 

Output Rise Time, OEN 

0.21 

0.24 

0.31 

0.25 

kbi 

0.28 

0.38 

0.34 

tf 

Output Fall Time, OEN 



0.23 

0.21 


iBBi 

0.33 

0.25 

tr 

Output Rise Time, TDO 


■i&a 

0.22 

0.00 

0.31 

MiKM 

0.31 

0.00 

tf 

Output Fall Time, TDO 

0.20 

0.20 

0.20 

0.00 

0.25 

0.25 

0.25 

0.00 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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MOTOROLA TECHNICAL DATA 


ENSCANJ 


CMOS TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 



FUNCTIONAL DIAGRAM: ENSCANJ 
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BPREG 


MOTOROLA TECHNICAL DATA 


Section 7.3.6 Control Macros-JTAG 


Bypass Register - JTAG 5/5 y / 3 . 373.3 y BPREG 

(Internal) 

(3.3 V and 5 V System/Core Voltage) 


MACRO 

EQUiV. GATES 

BPREG 

10 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

BPREG 

TOO/ 

TDI,CKDR,SHDR 


MACRO 

INPUT CAP. 

BPREG 

CKDR,SHDRJDI: 

O.OSpF 


FUNCTION TABLE 


INPUT 1 

OUTPUT 

TDI 

CKDR 

SHDR 

TOO 

X 

J- 

L 

L 

X 

y 

L 

L 

L 

y 

H 

L 

H 

y 

H 

H 

X 

•V 

X 

TOO 



CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 



Fanout (FO) capacitance does not include estimated metal lengths (each FO = O.OSpF). 


CMOS TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 
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ENSCANI 


MOTOROLA TECHNICAL DATA 


Enable Boundry Scan Macro 5/5 V / 3.3/3.3 V 

- JTAG (Internal) 

(3.3 V and 5 V System/Core Voltage) 



FUNCTION TABLE 

_ JTAG _ 

For JTAG Truth Table Information, 
See Table 7-7 JTAG Logic Truth 
Tables - Enable Scan on page 7- 
183 in this Manual. 


ENSCANI 


RB 

BSEN 

z 

LU 

O 

CKDR 

UDDR 


SHDR 

TDI 

OMC 

TDO 

ENSCANI 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 



Parameter 

5/5 V 

3.3/3.3 V 

FO=0 I FO=2 I FO=8 | K (ns/pF) 

FO=0 1 FO=2 1 FO=8 | K(ns/pF) 

ENSCANI I 


Propagation Delay, 

BSEN to OEN 

liiKcy^ 



0.41 

0.52 



0.59 



0.41 


0.35 




0.45 

MSKU 

Propagation Delay, 

CKDR to TDO 


0.97 


0.83 


■Em 


1.17 

'MSSU 


1.05 


0.70 

1.40 


MWiM 

0.87 

MSBM 

Propagation Delay, 

OMC to OEN 




0.42 




0.58 




MthirM 

0.36 


0.85 

0.98 

0.45 




0.78 

0.89 

0.37 

■||e| 

1.17 

1.31 

0.45 

H9i!H 




MW 

0.42 


1.76 

1.93 

0.59 

KM 


■ES 


0.36 

■ESI 

1.58 

1.72 

0.44 

MK 

Propagation Delay, 

UDDR to OEN 



1.44 

0.42 


1.91 

2.08 

0.59 

iHSIH 


■eei 

1.35 

0.35 

1.76 

1.81 

1.94 

0.45 

‘r 

Output Rise Time, OEN 

0.13 

0.25 

KOI 

1.22 

0.18 

EES 

0.86 




0.15 

0.20 



0.20 



0.66 

»r 


0.31 

0.56 

1.30 

2.46 

0.42 


■liil 

3.47 

_ 

Output Fall Time, TDO 

0.21 

0.32 

0.65 

1.11 

0.27 

0.40 

0.81 

1.36 


Fanout (FO) capacitance does not include estimated metal lengths (each FO = O.OSpF). 
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♦ ♦♦ ♦♦ 


ENSCANI 


MOTOROLA TECHNICAL DATA 


CMOS TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

Minimum Requirement 

Minimum Requirement 

I ENSCANI I 

Uu 

Set Up Time, BSEN to CKDR 

0.57 

0.88 

tsu 

Set Up Time, SHDR to CKDR 

0.77 

1.18 

tsu 

Set Up Time, TDI to CKDR 

0.61 

0.94 

th 

Hold Time, CKDR to BSEN 

0.01 

0.03 

th 

Hold Time, CKDR to SHDR 

-0.17 

-0.26 

‘h 

Hold Time, CKDR to TDI 

-0.04 

-0.06 

Vec 

Recovery Time, RB to UDDR 

0.66 

0.96 

»« 

Pulse Width, CKDR(L) 

0.55 

0.89 

tw 

Pulse Width, CKDR(H) 

0.73 

1.10 

tw 

Pulse Width, RB(L) 

0.43 

0.68 


Pulse Width, UDDR(H) 

0.76 

1.13 


FUNCTIONAL DIAGRAM: ENSCANI 


RB 

♦ 


TDI 


SHDR 


CKDR 


UDDR 


OMC 


2to1 

MUX 

A X 

B 

SL 


FED 


D Q 



D Q 

F-F 


■ 

LATCH 

CK QB 

- 

1 

■ 

G QB 



1 

1 
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IDREG 


MOTOROLA TECHNICAL DATA 


Device Identification Register (32 bit) 5/5 V / 3.3/3.3 V IDREG 

- JTAG (Internal) 

(3.3 V and 5 V System/Core Voltage) 


MACRO 

EQUIV. GATES 

IDREG 

256 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

IDREG 

TDO / D0-D9,D10-D19,D20- 
D29,D30,D31 .TDI.CKDR.SHDR 


MACRO 

INPUT CAP. 

IDREG 

CKDR: 2.20pF 
D0,D1,D10-D19,D2,D20- 
D29,D3,D30,D31 ,D4-D9,TDI: 
0.06pF 

SHDR: 4.03pF 


FUNCTION TABLE 


INPUT 1 

OUTPUT 

DX 

CKDR 

SHDR 

TDI 

TDO 

o 

Q 

■ 

S 

L 

X 

L 

-DO 

S 

L 

X 

H 

X 

J- 

H 

L 

SHIFTED 

X 

S 

H 

H 

DATA 

X 

■V 

X 

X 

TDO 


D(31:0) 


TDI TDO 

CKDR 

UDDR 


IDREG 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.373.3 V 

FO=0 1 FO=2 1 FO=8 

K(ns/pF) 

FO=0 1 FO=2 1 FO=8 | K (ns/pF) 

IDREG 1 


Propagation Delay, 

CKDR to TDO 

0.77 

0.86 

1.11 

0.83 

rui 

1.23 

1.58 

1.17 

HSiHI 



■sa 

0.72 



1.47 

0.91 

tr 

Output Rise Time, TDO 



mm 

2.44 

0.42 

0.76 


3.44 

tf 

Output Fall Time, TDO 

0.28 

0.39 

0.72 

1.09 

0.38 

0.51 

0.91 

1.33 


Fanout (FO) capacitance does not include estimated metal lengths (each FO = O.OSpF). 


CMOS TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 



Parameter 

5/5 V 

3.373.3 V 

Minimum Requirement 

Minimum Requirement 

IDREG 

plESili 

Set Up Time, SHDR to CKDR 

0.38 

0.62 

liiQSI 

Set Up Time, TDI to CKDR 

0.19 

0.41 

th 

Hold Time, CKDR to SHDR 

0.21 

0.30 

th 

Hold Time, CKDR to TDI 

0.36 

0.48 

tw 

Pulse Width, CKDR(L) 

0.54 

0.86 

tw 

Pulse Width, CKDR(H) 

0.66 

1.01 
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MOTOROLA TECHNICAL DATA 


IDREG Building Block 



FUNCTIONAL DIAGRAM: IDREG 


SBDIR SBDIR SBDIR SBDIR 
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MCJREG 

MOTOROLA TECHNICAL DATA 


Instruction Register (1 Bit) - JTAG 5/5 V / 3.3/3.3 V MCJREG 

(Soft Macro) 

(3.3 V and 5 V System/Core Voitage) 




ST 

MC 

JREG 

SDI 

SDO 

TDI 

TDO 

CKIR 


SHIR 


UDIR 


SB 


MSE 

IR 

RB 


SOFT_MACRO 


FUNCTIONAL DIAGRAM: MCJREG 
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MC_IREG4 

MOTOROLA TECHNICAL DATA 


Instruction Register (4 Bit) - JTAG 
(Soft Macro) 

(3.3 V and 5 V System/Core Voltage) 


MACRO 

EQUIV. GATES 

MCJREG4 

124 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

MCJREG4 

SDO,TDO,IRO-IR3/ 

SDIJDI,CKIR,SHIR,UDIR, 
SBO-SB3,MSE,RBO-RB3,STO-ST3 


MACRO 

INPUT CAP. 

MCJREG4 

SDI,TDI„ST0-ST3: 0.05 pF 
SB0-SB3,RB0-RB3: 0.09 pF 

CKIR: 0.56 pF 

SHIR,MSE: 0.36 pF 

UDIR 0.2 pF 


5/5 V / 3.3/3.3 V MCJREG4 


INI 

i ^ fe s 

MCJREG4 
SOFT.MACRO 
SDI SDO 

™ TOO 

CKIR 
SHIR 
UDIR 
SBO 

SB1 IRO 

SB2 IR1 

SB3 IR2 

MSE IR3 

CO CVJ XT o 
CD CO CD CO 

tr DC cc cc 

n.I r 


FUNCTIONAL DIAGRAM: MCJREG4 
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FMC_TAPCA 

MOTOROLA TECHNICAL DATA 


TAP Controller - JTAG 


5/5 V / 3.3/3.3 V FMC_TAPCA 


(Firm Macro) 

(3.3 V and 5 V System/Core Voltage) 


MACRO 

EQUIV. GATES 

FMC_TAPC 

276 


FMC_TAPCA 
(Firm Macro) 

TDI 

TDO 

MTST 

MSB 

TMS 

SL 

TCK 

RB 

TRSTB 

ENABLE 


CKIR 

SHIR 

UDIR 

CKDR 

SHDR 

UDDR 

TCKB 


IDLE 


A 


B 


C 


D 


MACRO 

OUTPUTS/INPUTS 

FMC_TAPC 

CKDR,CKIR,ENABLE,IDLE,MSE.RB,SHDR, 
SHIR,SL,TCKB,TDO,UDDR,UDIR,A-D / 
MTST,TCK,TDI,TMS,TRSTB 


MACRO 

INPUT CAP. 


MTST: 0.29pF 


TCK: 0.27pF 

FMC_TAPC 

TDI:0.10pF 


TMS: 0.14pF 


TRSTB: 1.02pF 


Note: 

Placement is fixed and will have a direct effect on routing outcome. 
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MOTOROLA TECHNICAL DATA 


JTAG TRUTH TABLES 


Table 7-1: JTAG Logic Truth Tables - Bidirectionals 



TAFCTLR 

STATE 



OKDR 

UDDR 

ilill 

OMC 

iillli 

ACTIVE PATHS 

aOCKED 

PATHS 

TEST MODE 

IDLE 


X 

H 

L 

L 

L 

L 


DO-4FFD 

PAD-4 Dl 


S1 


n 

X 

J- 

L 

L 

L 

L 

DO-^ PAD 

DO-4FFD 

PAD-4 Dl 

DO-^TDO 

S1 

SHIFT 

L 

X 

J- 

L 

L 

L 

H 

DO-4 PAD 

TDI-4FFD 

PAD-4 Dl 

TDI-4TD0 

S1 

UPDATE 

L 

■■ 

A. 

H 

L 

L 

L 


DO-4FFD 

PAD-4 Dl 

TDO->LATQ 

S1 

1 

IDLE 


L 

H 

L 

H 

H 

L 


DO-4FFD 

LATQ-^DI 


E,l,1 


a 

L 

J~ 

L 

■ai 

■■ 

L 

LATQ-4 PAD 

DO-4FFD 

LATQ-4DI 

IIQQQyESIIi 

E,l,1 

SHIFT 

a 

L 

J- 

L 

H 

H 

■ai 

LATQ-4 PAD 

TDI-4FFD 

LATQ->DI 

IQJQuESli 

E,l,1 

UPDATE 

a 

L 

•V 

IQI 

H 

H 


LATQ-4PAD 

DO->FFD 

LATQ-4DI 


E,l,1 


IDLE 

a 

X 

H 

L 


L 

L 

PAD-^DI 

PAD-4 FFD 



S,2 

CAPTURE 

a 

X 

J- 

L 

L 

L 

L 

pad-4 D1 

PAD-4 FFD 


PAD-4 TDO 

S,2 

SHIFT 

a 

X 

J~ 

L 

L 

L 

H 

PAD-4 Dl 

TDI-4FFD 


TDI-4TDO 

S,2 


o 

mm 


■ai 

L 

L 

L 


PAD-4 FFD 


TD0-4LATQ 

S,2 

1 

IDLE 

X 

H 

H 

L 

H 

H 

L 

LATQ-^DI 

PAD-4 FFD 



E,l,2 

CAPTURE 

X 

H 

J- 

L 

H 

H 

L 

LATQ-4DI 

PAD-4 FFD 


PAD-4 TDO 

E,l,2 

SHIFT 

D 


J- 

L 

H 

H 

■ai 

LATQ-4 Dl 

TDM FFD 


TDM TDO 

E,l,2 

UPDATE 

X 

H 

■V 

■ai 

H 

H 

L 

LATQ-4 Dl 

PAD-4FFD 


TDO-4DI 

E.l,2 


Table 7-2: JTAG Logic Truth Tables - Bidirectionals 



TAPCTLR 

STATE 

1^ 

CKOR 

UDDR 

IMC 

OMC 

SHDR 

ACTIVE PATHS 

CLOCKED 

PATHS 

TEST MODE 
*"$66 Notes 

IDLE 

H 

H 

L 

L 

L 

L 

DO-^PAD 

DO-4 FFD 



S1 


a 

y 

L 

L 

L 

L 

DO-4 PAD 

DO-4 FFD 



S1 

SHIFT 

a 

y 

L 

L 

L 

H 

DO-4 PAD 

TDM FFD 

pad- 4 Dl 

TDM TDO 

S1 

UPDATE 

o 

■V 

H 

L 

L 

L 

DO-»PAD 

DO-^FFD 



S1 


IDLE 

o 

H 

L 

H 

H 

L 

LATQ->PAD 




E.l,1 

CAPTURE 

o 

y 

L 

H 

H 

L 

LATQ-4 PAD 

DO-^FFD 

LATQ-4 Dl 

DO->TDO 

E,l,1 

SHIFT 

o 

y 

L 

H 

H 

H 

LATQ-4 PAD 


LATQ-4DI 

TDM TDO 

E,l.1 


a 

■\_ 

H 

H 

H 

L 

LATQ-4 PAD 


LATQ-4DI 

TDO->PAD,DI 

E,l,1 


IDLE 

L 

H 

L 

L 

L 

L 

pad- 4 Dl 




S,2 


L 

y 

L 

L 

L 

L 

PAD-4 Dl 

pad-4 FFD 



S,2 

HISSIHI 

L 

y 

L 

L 

L 

H 

PAD-^DI 

TDM FFD 


TDM TDO 

S,2 

UPDATE 

L 

A. 

H 

L 

L 

L 

PAD-4 Dl 

PAD-4 FFD 



S,2 


IDLE 

L 

H 

L 

H 

H 

L 

LATQ-^DI 

PAD-4 FFD 



E.l,2 

CAPTURE 

L 

y 

L 

H 

H 

L 

LATQ-4DI 

PAD-4 FFD 


PAD-^TDO 

E.l,2 

SHIFT 

L 

y 

L 

H 

H 

H 

LATQ-^DI 

TDM FFD 


TDM TDO 

E,l,2 

UPDATE 

L 


H 

H 

H 

L 

LATQ->DI 

PAD->FFD 


TDO-4DI 

E,l,2 


NOTES FOR ALL JTAG LOGIC TRUTH TABLES: 

E = EXTEST; S = SAMPLE; I = INTEST 

1. = Output is enabled and the JTAG boundary scan cell is monitoring the output signal. (DO) 

2. = Output is disabled and the JTAG boundary scan cell is monitoring the input signal. (PAD) 
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MOTOROLA TECHNICAL DATA 


Table 7-3: JTAG Logic Truth Tables - Inputs 


NON-INVERTING CMOS and TTL INPLfTS ] 

TAPCTLR 

STATE 

CkDR 

UDDR 

IS 

SHOR 

ACTIVE PATHS 

CLOCKED 

PATHS 

TEST MODE 

IDLE 

H 

L 

L 

L 

PAD-^DI 

PAD-4 FFD 


S 

CAPTURE 

J- 

L 

L 

L 

PAD->DI 

PAD->FFD 

DO-4TDO 

S 

SHIFT 

J- 

L 

L 

H 

PAD-^DI 

TDI-4FFD 


S 

UPDATE 

•V 

H 

L 

L 

PAD-^DI 

PAD-4 FFD 


S 


IDLE 

H 

L 

O 

L 

LATQ-»DI 

PAD-4 FFD 


E.l 

CAPTURE 

X 

L 

O 

L 

LATQ-^DI 

PAD-4 FFD 


E,l 

SHIFT 

J- 

L 

o 

H 

LATQ-4DI 

TDMFFD 


E,l 

UPDATE 

A. 

H 

o 

L 

LATQ-4DI 

PAD-^FFD 

TDO->DI 

E,l 

* FOR MACRO ICNJA ONLY | 


Table 7-4: JTAG Logic Truth Tables - Outputs 



TAPCTLR 

STATE 

CKOR 

UDDR 


SHDR 

ACTIVE PATHS 

CLOCKED 

PATHS 

VEST MODE 
Notes 

IDLE 

H 

L 

L 

L 

DO->PAD 

DO->FFD 


S 

CAPTURE 

J- 

L 

L 

L 

DO-4 PAD 

DO->FFD 

DO->TDO 

s 

SHIFT 

S 

L 

L 

H 

DO->PAD 


TDMTDO 

s 

UPDATE 

■V 

H 

L 

L 

DO->PAD 

DO->FFD 


S 


IDLE 

H 

L 

H 

L 

LATQ-^PAD 

DO->FFD 


E,l 


J~ 

L 

o 

L 



DO-^TDO 

E,l 

SHIFT 

J~ 

L 

o 

H 

LATQ-4PAD 

TDM FFD 

TDI-4TD0 

E,l 

UPDATE 

•V 

H 

H 

L 

LATQ->PAD 

DO-4 FFD 

TDO-4PAD 

E,l 


Table 7-5: JTAG Logic Truth Table - Clock/”Sample Only” Inputs 


STANDARD/OPEN DRAIN OUTPUTS | 

TAPCTLR 

STATE 

CKOR 

SHDR 

ACTIVE PATHS 

CLOCKED 

PATHS 

TEST MODE 
*eee Notes 

IDLE 

H 

L 

PAD-^DI 

PAD-4 FFD 


S,E.I 

CAPTURE 

S 

L 

PAD-4 Dl 

PAD-4 FFD 

PAD-vTDO 

S,E,I 

SHIFT 

J- 

H 

PAD-4 Dl 

TDM FFD 

TDMTDO 

S.E.I 


NOTES FOR ALL JTAG LOGIC TRUTH TABLES: 

E = EXTEST; S = SAMPLE; I = INTEST 

1. = Output is enabled and the JTAG boundary scan cell is monitoring the output signal. (DO) 

2. = Output is disabled and the JTAG boundary scan cell is monitoring the input signal. (PAD) 
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MOTOROLA TECHNICAL DATA 


Table 7-6: JTAG Logic Truth Tables - Outputs 


TRI«$TATEOUTT>UT3 | 

TAPCTLR 

STATE 

EN 

CKDR 

UDDR 


SHOR 

ACTIVE PATHS 

CLOCKED 

PATHS 

TEST MODE 

IDLE 

ma 

H 

L 

L 

L 

DO-^PAD 

DO->FFD 


S 

CAPTURE 

ma 

J- 

L 

L 

L 

DO-^PAD 

DO->FFD 


S 


ma 

S 

L 

L 

H 

DO-^PAD 

TDI-4FFD 


S 

UPDATE 

ma 

A. 

H 

L 

L 

DO-4 PAD 

DO-4FFD 


s 


IDLE 

L 

H 

L 

L 

L 


D0-4FFD 


s 


L 

S 

L 

L 

L 


DO-4FFD 

DO-^ TDO 

s 

SHIFT 

L 

S 

L 

L 

H 


TDI-4FFD 

TDM TDO 

S 

UPDATE 

L 

A. 

H 

L 

L 




S 


IDLE 

H 

H 

L 

■ai 

L 




E,l 


■ai 

J- 

L 

ma 

L 

LATQ->PAD 

DO->FFD 

DO -4 TDO 

E,l 

SHIFT 

H 

J- 

L 

ma 

H 

LATQ->PAD 

TDI-4FFD 

TDM TDO 

E,l 

UPDATE 

H 

A- 

H 

H 

L 

LATQ->PAD 

DO-4FFD 

TDO-> PAD 

E,l 


IDLE 

L 

H 

L 

ma 

L 


DO-4FFD 


E,l 


L 

J- 

L 

ma 

L 


DO->FFD 

DO-4 TDO 

E,l 

SHIFT 

L 

J~ 

L 

ma 

H 


TDI->FFD 

TDM TDO 

E,l 

UPDATE 

L 

■V 

H 

ma 

L 


DO->FFD 


E.l 


Table 7-7: JTAG Logic Truth Tables - Enable Scan 


ENABLE SCAN MACROS | 

TAPCTLR 

STATE 


CKDR 

UOOR 

OMC 

SHDR 

ACTIVE PATHS 


CLOCKED PATHS 

TEST MODE 
*see Notes 

IDLE 

H 

H 

L 

L 

L 

BSE-4 OEN 

BSEN-4 FFD 


S 

CAPTURE 

mm 

J~ 

L 

L 

L 

BSEN-4 OEN 

BSEN-4 FFD 

BSEN-^ TDO 

S 

SHIFT 

■■ 

J- 

L 

L 

■1 


TDM FFD 

TDM TDO 

S 

UPDATE 

H 

A. 

■■ 

L 

«- 

BSEN-> OEN 

BSEN-> FFD 


S 


IDLE 

H 

H 

L 

H 

L 


BSEN-> FFD 


E,l 

CAPTURE 

H 

S 

L 

■■ 

L 

LATQ-4 OEN 

BSEN-4 FFD 

BSEN-4 TDO 

E,l 

SHIFT 

H 

J- 

L 

H 

H 

LATQ-4 OEN 

TDM FFD 

TDM TDO 

E,l 

UPDATE 

H 

A. 

mi 

mm 

L 

LATQ-4 OEN 

BSEN-4 FFD 

TDO-> OEN 

E,l 


— ■BBBE31——■■BM 


NOTES FOR ALL JTAG LOGIC TRUTH TABLES: 

E = EXTEST; S = SAMPLE; I = INTEST 

1. = Output is enabled and the JTAG boundary scan cell is monitoring the output signal. (DO) 

2. = Output is disabled and the JTAG boundary scan cell is monitoring the input signal. (PAD) 


H4CPIUS Series Design Reference Guide 


MOTOROLA 

7-183 
























































































































MOTOROLA TECHNICAL DATA 



Table 7-8: Tap Controller Truth Table 


_ 

TAR Controller Outputs 

Instruction 

RegistsfCtats 

H 


Name 

Oo« 

HEX 

SbHt 

Register 

PSTidiei Out 

Register 

Selection 

Buffer 

State 

Exit2-DR 

D 

B 

D 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

DC 

IDCODE/ 

BYPASS 

DC 

Off 

Exitl-DR 

1 

0 

D 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

Parallel 

load 

NC 



Shift-DR 

B 

D 

D 

B 

B 

B 

B 

B 

B 

B 

B 

1 

c 

B 

B 

mn 

Load from 
Shift Register 

DC 

Off 


n 

D 

o 

1 

1 

1 

0 

0 

0 

1 

0 

0 

1 

0 

0 


NC 

DC 

Off 

bsb 

4 

0 

1 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

0 

0 


NC 

Instruction 

On 

Update-DR 

5 

0 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

0 


NC 

Instruction 

On 

Capture-DR 

6 

o 

D 

1 

o 

a 

0 

0 

0 

1 

0 

0 

C 

0 

0 

NC 

NC 

Instruction 

On 


7 

0 

1 

1 

1 

1 

a 

D 

0 

1 

0 

0 

1 

0 

0 

NC 

NC 

Instruction 

On 


8 

1 

0 

0 

O 

n 

1 

0 

0 

1 

0 

0 

1 

0 

0 

DC 

NC 

DC 

Off 

Exitl-IR 

■■ 

1 

0 

0 

1 

1 

n 

El 

0 

1 

0 

0 

1 

0 

0 

DC 

NC 


Off or On 


■a 

1 

0 

D 

0 

a 

n 

1 

1 

D 

0 

0 

1 

0 

0 

DC 

NC 

DC 

Off 



1 

0 

1 

1 

1 

a 

D 

0 

1 

0 

0 

a 

0 

0 

DC 

NC 

DC 

Off 

Run-Test/Idle 

D 

1 

1 

0 

D 

n 

n 

D 

0 

1 

0 

0 

1 

0 

1 

DC 

NC 

Test Data 

On 

Update-IR 

O 

n 

n 

D 

1 

1 

1 

0 

0 

1 

B 

0 

1 

0 

0 

DC 

NC 

Test Data 

On 

Capture-IR 

E 

1 

1 

1 

0 

1 

1 

0 

D 

m 

D 

0 

D 

B 

B 

DC 

NC 

Test Data 

On 

Test-Logic-Reset 

F 

1 

1 

1 

1 

1 

1 

0 

0 

1 

0 

0 

1 

0 

1 

DC 

NC 

Test Data 

On 


F 

1 

1 

1 

1 

0 

1 

0 

1 

1 

0 

1 

1 

0 

0 



NOTES; 

R, ENB, SHIR and SHDR change on the falling edge of TCK. 
DC= Don’t Care 

NC = No Change (Retain Previous State) 

For TAP Controller Outputs only, C = TCK Signal 
For TAP Controller Outputs only, C = TCK Signal 
State changes occur on rising edge of TCK 
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AD4FULA 


MOTOROLA TECHNICAL DATA 


7.4 Internal Cells (Gates) 

4-Bit Full Adder AD4FULA 

2X Drive 

(3.3 V and 5 V Core Voltage) 




CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. _ Rev. 1.07 


Sym 

Parameter 

I 

3.3 V 1 

FO=0 

FO=2 

FO=8 

K(n8/pF) 

FO=0 

FO:s2 1 F0=8 |K(ns/pF)| 

AD4FULA I 

■sni 

Propagation Delay, 

AO to CO 

EE3I 

2.99 


0.42 

4.00 

■QgB 


0.60 1 

■I9M 


2.34 

2.48 

0.46 

3.47 


■c|B 


■sm 

Propagation Delay, AO to SO & A1 
to SI & A2 to S2 & A3 to S3 



1.17 

0.43 

1.40 

IgM 

1.64 

0.59 

■aw 



117/1 

0.46 

1.60 

1.66 

1.83 

0.58 

■aiM 

Propagation Delay, 

AO to S1 & A1 to S2 & A2 to S3 

1.45 

T49 

MEM 

0.43 

2.04 

2.10 

2.28 


■aw 


■0031 

lUtl 

0.44 


1.58 

1.74 


■aw 

Propagation Delay, 

A0toS2& A1 to S3 


ireniM 

U’JkkM 

0.43 

2.87 

2.93 

3.11 

0.60 





0.44 

2.39 

2.45 

2.61 

0.55 

■^ni 

Propagation Delay, 

AO to S3 



masM 

0.43 

3.03 

3.09 

3.27 

0.60 

■aiiM 


2.78 

■Ml 

0.44 

4.11 

4.17 

4.33 

0.55 

■aiw 

Propagation Delay, 

A1 to CO 

jESM 

2.35 

2.48 

0.42 

3.16 

3.22 

3.40 

0.60 

■aiMi 

WOrlM 

1.79 

1.93 

0.46 

2.62 

2.68 

2.85 

0.58 

■aw 

Propagation Delay, 

A2 to CO 


1.73 

1.86 

mEESOk 

miomk 

2.38 

■ESS 

[||||[Q[|2||||| 

■aflB 


M1k?M 

1.35 

eeesi 

MKM 

1.80 

MEM 


■aw 

Propagation Delay, 

A3 to CO 

1.07 

tf 

1.24 

mEsami 

MgM 

1.54 

1.72 

0.60 

■aw 

0.59 

0.63 

0.75 

0.41 



1.07 

0.52 

■aw 

Propagation Delay, 

BO to CO 

3.07 

3.12 


0.42 


m[EM 

4.43 

0.60 

■aw 

2.97 

3.02 

3.15 

0.45 

1 4.44 

4.50 

4.67 

0.58 

■aw 

Propagation Delay, BO to SO & B1 
to S1 & B2 to S2 & B3 to S3 

1.17 

1.22 

1.34 

0.42 



1.84 


■aw 

■£B 

■1^ 

MEM 

0.45 

■EB 


2.04 

■QSW 

■aifli 

Propagation Delay, 

BOtoSI &B1 toS2&B2toS3 


mam 

IlfM 

0.42 

UKI 

Uf;M 

2.78 


■aw 


1.76 

■EM 

0.44 

KEUi 


2.73 

0.56 

■aw 

Propagation Delay, 

B0toS2&B1 to S3 

2.39 


2.56 

0.43 

MIcicM 

3.44 

3.62 

0.60 

■aiMi 

2.30 

2.34 

2.47 

0.43 

1 3.40 

3.45 

3.62 


■aw 

Propagation Delay, 

BO to S3 

3.03 

KIW 

HM»1 

0.43 

masM 

M>71 

mSEMk 

0.60 

■aw 

2.85 


H»M 

0.44 

masM 

HcM 

maoM 

0.55 

■aw 

Propagation Delay, 

B1 to CO 

2.47 



0.42 

BKEI 

IBM 

■sEM 

0.60 

■aiMi 


2.45 

2.59 


1 3.58 

3.64 

3.81 

0.58 


Capacitance per fanout = 0.05 pF (metal capacitance is not Included). 
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MOTOROLA TECHNICAL DATA 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


5 

Parameter FO=0 


Propagation Delay, 1.83 

B2 to CO 


Propagation Delay, 1.21 

B3 to CO 1.26 


Propagation Delay, 
Cl to CO 


Propagation Delay, 
Cl to SO 


Propagation Delay, 
Cl to SI 


Propagation Delay 
Cl to S2 


Rev. 1.07 



3.32 

3.37 

3.54 

0.56 






Output Rise Time, CO 

■■■■■■ 

Output Fall Time, CO 


Output Rise Time, S0-S3 


Output Fall Time, S0-S3 




0.23 0.40 

0.39 0.47 


0.26 0.43 0.94 

0.37 0.44 0.66 




A S 

ADFULHA 
B 
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AD4PG 

MOTOROLA TECHNICAL DATA 


4<Bit Full Adder 

with Propagate & Generate 2X Drive 
(3.3 V and 5 V Core Voltage) 


MACRO 

EQUIV. GATES 

AD4PG 

94 


Rev. 1.07 



OUTPUTS/INPUTS 

AD4PG 

S0-S3,PR,GE / 
A0-A3,B0-B3,CI 


MACRO 

INPUT CAP. 

AD4PG 

A0-A3,B0-B3,CI: O.IOpF 


FUNCTION TABLE 

PROPAGATE ( PROPAGATE THE CARRY BIT ) 

_ PR= (A0-hB0)(A1+B1)(A2h-B2)(A3+B3) _ 

GENERATE (GENERATE A CARRY BIT ) 

GE= (A3*B3) + (A2*B2)(A3+B3) + (A1*B1)(A2+B2)(A3+B3) 

_ -f (A0*B0)(A1+B1)(A2 -hB2)(A3+B3) _ 

ADD WORD (A) TO WORD ( B) +CARRY IN 

_ (S0-S3) = (A0-A3)+(B0-B3)+CI _ 

_NOTE: AO.BO.SO = LSB, A3,B3,S3= MSB_ 


AD4PG 



AO 

SO 


A1 

SI 


A2 

S2 

— 

A3 

S3 


AD4PG 


— 

BO 


— 

B1 


— 

B2 


— 

B3 

PR 

— 

Cl 

GE 


CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


Sym 


Parameter 


5V 


FO=0 


FO=2 FO=:8 


AD4PG 


‘PLH 

■ * E H L 

*PLH 

*PHL 

iELb. 

*P tiL 

ieui 

*PHL 

. *PLH 

*PH L 

Jelh 

*PHL 

Jeu± 

■* EH L 

*PL H 

*PHL 

^PLH 

*PHL 

*PLH 

*PHL 

*PLH 

*PHL 

'P LH 

'PHL 

*PLH 

<PHL 

*PLH 

tpHL 

*PLH 

*PLH 

■!ehl. 


Propagation Delay, 

AO to GE _ 

Propagation Delay, 

AO to PR _ 

Propagation Delay, 

A0,B0 to S0(INV=0),S0(INV=1) 
Propagation Delay, 

AO to S1(INV=0),S1(INV=1) 
Propagation Delay, 

AO to S2(INV=0),S2(INV=1) 
Propagation Delay, 

AO to S3(INV=0),S3(INV=1) 
Propagation Delay, 

AO to S0(INV=0) _ 

Propagation Delay, 

AO to S0(INV=1) _ 

Propagation Delay, 

AO toS1(INV=0) _ 

Propagation Delay, 

AO toS1(INV=1) _ 

Propagation Delay, 

AO to S2(INV=0) & BO to S2(INV=1) 
Propagation Delay, 

AO to S2(INV=1) _ 

Propagation Delay, 

AO to S3(INV=0) _ 

Propagation Delay, 

AO to S3(INV=1) _ 

Propagation Delay, 

A1 to GE _ 

Propagation Delay, 

A1 to PR 


1.11 

0.77 

1.12 

0.88 

1.32 

1.36 

1.26 

1.21 

1.82 

1.46 

1.60 

1.63 


1.32 

0.94 

1.02 

0.82 


1.15 
0.85 

1.16 
0.92 
1.36 
1.40 
1.31 
1.26 
1.87 
1.51 
1.65 
1.68 


1.37 

1.01 

1.06 

0.86 


1.29 
1.08 

1.30 
1.04 
1.50 
1.54 
1.45 
1.41 
2.02 
1.66 
1.80 
1.83 


1.50 

1.25 

1.20 

0.98 


K (ns/pF) 


FO=0 I FO=2~ 


0.45 

0.77 

0.45 

0.40 

0.45 

0.46 

0.47 

0.50 

0.48 

0.51 

0.48 

0.50 


0.43 

0.78 

0.44 

0.40 


1.55 

1.05 

1.53 

1.25 


1.62 

1.16 

1.59 

1.30 


1.83 
1.96 

1.79 
2.00 
1.78 

1.80 
1.74 

1.84 
2.64 
2.18 
2.60 
2.22 

2.29 
2.43 
2.25 
2.47 
1.88 

1.30 
1.40 
1.17 


1.89 
2.02 
1.85 
2.06 
1.84 
1.87 
1.81 

1.90 
2.71 
2.25 
2.67 
2.29 
2.36 
2.50 
2.32 
2.54 
1.94 
1.41 
1.47 
1.21 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


Rev. 1.07 

X3V 

I FO=8 I K (ns/pF) 


1.81 

1.47 

1.78 

1.44 


0.64 

1.06 

0.64 

0.49 


2.08 

2.20 

2.05 

2.23 

2.05 

2.06 

2.01 

2.10 

2.92 

2.45 

2.88 

2.49 

2.57 

2.69 

2.53 

2.73 
2.12 

1.73 
1.66 
1.36 


0.64 

0.58 

0.64 

0.58 

0.68 

0.66 

0.68 

0.66 

0.69 

0.68 

0.69 

0.68 

0.69 

0.67 

0.69 

0.67 

0.61 

1.06 

0.64 

0.49 
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MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


Rev. 1.07 



Propagation Delay, 
A3 to S3(INV=1) 


tpLH Propagation Delay, 1.13 1.1 

tpHL BO to GE _ 0.77 0.8 

tpLH Propagation Delay, 1.06 1.1 

tpHL BO to PR _ 0.90 0.9 

tpLH Propagation Delay, 

tpHL |B0toS0(INV=0) _ [ ~~ 

Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


1.13 

1.17 

1.31 

0.45 

0.77 

0.84 

1.08 

0.78 

1.06 

1.11 

1.24 

0.45 

0.90 

0.94 

1.06 

0.40 
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MOTOROLA TECHNICAL DATA 


AD4PG 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 



_Propagation Delay, 

I tpHL |B2toS3(INV=0) _I_ I 

Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


3.21 


2.57 2.64 2.85 
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AD4PG 


MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


Rev. 1.07 



Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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MOTOROLA TECHNICAL DATA 
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MOTOROLA TECHNICAL DATA 


Full Adder 
IX &2X Drive 

(3.3 V and 5 V Core Voltage) 


ADFULH 


MACRO 

EQUIV. GATES 

ADFULH 

10 


FUNCTION TABLE 


MACRO 

OUTPUTS/INPUTS 

ADFULH 

CO,S/A,B,CI 


MACRO 

INPUT CAP. 

ADFULH 

A: 0.15pF 

B: 0.20pF 

Cl: 0.22pF 


A 

B 

Cl 

S 

CO 

L 

L 

L 

L 

L 

L 

H 

L 

H 

L 

H 

L 

L 

H 

L 

H 

H 

L 

L 

H 

L 

L 

H 

H 

L 

L 

H 

H 

L 

H 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 


A 

S 

ADFULH 

B 


Cl 

CO 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 
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MOTOROLA TECHNICAL DATA 


ADFULHA 


Full Adder 
2X Drive 

(3.3 V and 5 V Core Voltage) 


FUNCTION TABLE 



ADFULHA 



CMOS SWITCHING CHARACTERISTICS 
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ADHALFH 


MOTOROLA TECHNICAL DATA 


Half Adder ADHALFH 

1X&2X Drive 

(3.3 V and 5 V Core Voltage) 


FUNCTION TABLE 


■a 


lEI 

ICTI 

n 

D 

L 

B 


D 

H 

B 


B 

H 

B 


n 

L 

H 



A 

S 

ADHALFH 

B 

CO 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

h 111 fiTV4 

FO=0 1 FO=2 1 FO=8 | K (ns/pF) 


BD9I!BI 

Propagation Delay, 

A to CO 

0.43 






gifitai 

0.59 

WBSHfM 

0.38 

0.42 

0.54 

0.39 

1 0.54 

EEsI 

0.73 

0.48 

MSKM 

Propagation Delay, 

AtoS 

0.64 

0.68 

0.81 

0.43 



1.12 

0.60 

BB9!!W 

0.72 

0.77 

0.90 

0.44 

1.05 

1.11 

1.27 

0.55 

inljjH 

Propagation Delay, 

BtoCO 

0.44 

0.48 

0.61 

0.42 

0.57 

0.63 

0.81 

0.59 


0.30 




0.47 



0.47 

■SH 

Propagation Delay, 

BtoS 




0.43 

0.54 


0.78 

0.60 

■Sffll 


0.49 

0.62 

0.44 

0.67 

IM»VAM 

0.90 


‘r 

Output Rise Time, CO 

0.17 

0.29 

0.65 

1.20 



0.88 

1.69 

‘f 

Output Faii Time, CO 

0.16 

0.22 

0.39 

0.58 

agwai 

WPSM 

0.47 

0.68 

tr 

Output Rise Time, S 

0.18 

0.30 


1.19 

0.20 

0.37 


1.69 


Output Fall Time, S 

0.24 

0.30 

0.47 

0.59 

0.34 

0.41 

0.63 

0.72 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


FUNCTIONAL DIAGRAM: ADHALF 


A 


BD- 




OS 
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MOTOROLA TECHNICAL DATA 


AND2 AND2H 


2-lnput AND Gate AND2 

1X&2X Drive AND2H 

(3.3 V and 5 V Core Voltage) 




CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are,in ns. Rev. 1.07 



FUNCTIONAL DIAGRAM: AND2 



"1X for AND 2 
2XforAND2H 
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AND3 AND3H 


MOTOROLA TECHNICAL DATA 


3-Input AND Gate 
1X&2X Drive 

(3.3 V and 5 V Core Voltage) 



MACRO 

INPUT CAP. 

All 

A-C: O.OSpF 


AND3 

AND3H 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 
I I I 5V 



Parameter 


Propagation Delay, 

' AtoX _ 

Propagation Delay, 

BtoX _ 

Propagation Delay, 

CtoX _ 

Output Rise Time, X 
Output Fall Time, X 


Propagation Delay, 
BtoX 


FO=2 FO=8 


AND3 


|K(ns/pF)| FO=0 I FO=2 I FO=8 I K(ns/pF) 


083 0.63 0.75 I 1.10 I TTt 

0.76 0.41 0.51 0.78 0.92 


0.78 1.13 

0.60 0.87 

0.80 1.15 

0.68 0.96 

0.59 1.62 

0.35 0.78 



Propagation Delay, 

CtoX _ 

Output Rise Time, X 


Output Fall Time, X 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 



.62 

.48 


lEimiQEEIHEI 

.61 

0.67 


.49 

0.32 


0.28 



FUNCTIONAL DIAGRAM: AND3 



2XforAND3H 
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AND4 AND4H 


MOTOROLA TECHNICAL DATA 


4-Input AND Gate AND4 

1X&2X Drive AND4H 

(3.3 V and 5 V Core Voltage) 



FUNCTION TABLE 


A 

B 

C 

D 

X 

L 

X 

X 

X 

L 

X 

L 

X 

X 

L 

X 

X 

L 

X 

L 

X 

X 

X 

L 

L 

H 

H 

H 

H 

H 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 1 






Propagation Delay, 

AtoX 


0.67 






1.18 




0.57 





0.92 

'■sn 

Propagation Delay, 

BtoX 



0.95 

0.84 

1 0.79 

0.91 

1-26 

1.19 


WIKICM 

0.41 

0.64 

0.76 





'■sni 





0.84 

0.86 


KIcIcM 

1.19 

'■9M 





0.61 



0.93 

■SH 

Propagation Delay, 

DtoX 

0.62 

0.70 


0.84 

0.87 


1.35 

1.19 

'WBsm 

0.44 

0.52 


keeh 

0.65 

0.75 


0.94 

‘r 

Output Rise Time, X 

0.23 

0.47 


WEBJM 


0.64 


3.40 

k 

Output Fall Time, X 



0.68 

1.18 




1.42 


■Sffli 


KISH 



0.45 





tpHL 


0.38 

0.49 

0.39 

0.52 

0.56 

0.71 

0-48 

tpLH 

Propagation Delay, 

BtoX 

KUsB 

0.74 

0.88 

0.45 

0.91 


BQi 


_1phl_ 


keeh 


0.39 

0.59 



0.48 

H9RH 

Propagation Delay, 

CtoX 

0,71 



0.45 


1.04 

1.23 

0.63 

_WlL_ 




0.40 

giTAM 

0.73 

0.88 

0.49 


Propagation Delay, 

DtoX 

0.70 



0.45 

0.97 

1.04 

1.23 

0.64 





0.41 

0.72 

0.77 

0.92 

0.51 

‘r 

Output Rise Time, X 


0.41 

0.76 

1.18 

0.38 

0.54 

1.05 

1.68 

tf 

Output Fall Time, X 

0.27 

0.32 

0.49 

0.57 

0.30 

0.36 

0.57 

0.68 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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AND8H 


MOTOROLA TECHNICAL DATA 


8-Input AND Gate AND8H 

2X Drive 

(3.3 V and 5 V Core Voltage) 


FUNCTION TABLE 


A 

B 

C 

D 

E 

F 

G 

H 

X 

L 

X 

X 

X 

X 

X 

X 

X 

L 

X 

L 

X 

X 

X 

X 

X 

X 

L 

X 

X 

L 

X 

X 

X 

X 

X 

L 

X 

X 

X 

L 

X 

X 

X 

X 

L 

X 

X 

X 

X 

L 

X 

X 

X 

L 

X 

X 

X 

X 

X 

L 

X 

X 

L 

X 

X 

X 

X 

X 

X 

L 

X 

L 

X 

X 

X 

X 

X 

X 

X 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 



MACRO 

EQUIV. GATES 

AND8H 

6 


MACRO 

OUTPUTS/INPUTS 

AND8H 

X/A-H 


MACRO 

INPUT CAP. 

AND8H 

A-H: 0.05pF 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

FO=0 1 FO=2 1 FO=8 |K(ns/pF) 

FOsO 1 FO=2 1 FO=8 | K(ns/pF) 

AND8H I 

_tpLH 

Propagation Delay, 

AtoX 


0.80 

1.04 

0.81 


f 

mMM 

1.20 




0.49 

0.39 



ebb 

0.48 


Propagation Delay, 

BtoX 

0.76 

0.84 


0.80 

MlilM 


1.45 

1.21 

M-JIM 




0.39 

BUS 


0.79 

0.49 

iiaiB 

Propagation Delay, 

CtoX 

0.77 



0.81 

1.04 

1.16 

1.52 

1.20 

iHSIH 




0.40 


MfikkM 


0.49 

_Iplh_ 

Propagation Delay, 

DtoX 


0.84 


0.81 

WigM 

BDB 


1.21 


0.48 

0.52 

0.65 

0.41 

0.72 



0.51 


Propagation Delay, 

EtoX 

0.72 

0.80 

1.04 


0.93 


WHOM 


WESSM 

0.33 

0.37 

0.49 


0.54 

KMiM 


0.48 


Propagation Delay, 

FtoX 

0.76 







1.20 

ISfflB 






0.67 

0.81 

0.49 

BB9HBI 

Propagation Delay, 

GtoX 

0.77 

0.85 

1.09 

_ 0.81 _ 

1.06 


eeb 

1.21 

H!9!Hi 

0.46 

0.50 

0.61 


0.76 

0.81 


0.50 

BB3M 

Propagation Delay, 

HtoX 


0.84 

1.09 

0.81 



BBsB 

HEEBBI 

HsRHI 



0.65 





HEUBH 

‘r 

Output Rise Time, X 


0.60 

1.32 

2.39 


1.03 


1.20 

_k_ 

Output Fall Time, X 



0.53 


1 0-52 

0.56 

0.71 

0.48 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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ANDOI22 AND0122H 


MOTOROLA TECHNICAL DATA 


2-Input AND + 2-Input NOR ANDOI22 

Into a 2-Input NOR 1X & 2X Drive ANDOI22H 

(3.3 V and 5 V Core Voltage) 



FUNCTION TABLE 


A 

B 

C 

D 

X 

H 

H 

X 

X 

L 

X 

X 

L 

L 

L 

L 

X 

H 

X 

H 

L 

X 

X 

H 

H 

X 

L 

H 

X 

H 

X 

L 

X 

H 

H 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 1 

FO=0 I FO=2 I FO=8 | K (ns/pF) 




Propagation Delay, 

AtoX 


0.37 

0.85 

1.61 



EllSi 

1.61 



■igjiM 

0.74 

■DOgil 

0.29 

0.40 

E&l 

1.14 

H9RH 

Propagation Delay, 

BtoX 

0.27 

■2iJi 

0.92 


0.27 

0.43 


1.60 




■OOfli 

■nEiB 

0.25 

EESi 

0.71 

1.13 

■SH 

Propagation Delay, 

CtoX 

0.47 


HE3i 

1.61 



1.12 

1.61 

MS!M 


0.57 

0.80 

0.77 




0.77 

_tpLH_ 

Propagation Delay, 

DtoX 


0.66 

1.14 

1.61 

1 0.50 



1.61 

BD9!Hi 


0.58 

0.81 

0.77 




0.77 

‘r 

Output Rise Time, X 

0.51 



4.87 

0-51 

1.00 

2.46 

4.87 

_tf_ 

Output Fall Time, X 

0.31 



1.96 




1.96 


■sn 

Propagation Delay, 

AtoX 


0.26 

0.50 

0.80 

1:113 

0.26 

0.50 


■9M 

0.25 

0.31 


0.57 


0.31 

0.48 

0-57 

■9n 

Propagation Delay, 

BtoX 


0.35 


0.80 


0.35 

0.59 

■ee&h 

— 


IKtIcItjli 

0.47 

0.56 

EBB 

0.30 

0.47 


BD9l!H 

Propagation Delay, 

CtoX 



0.82 

0.81 




0.81 





0.41 




0.41 

■HIM 

Propagation Delay, 

DtoX 


0.61 


0.81 


■iW 


0.81 

H!9!Mi 



Mihfcll 





0.41 

‘r 


0.48 

BUJI 

1.45 


0.48 


1.45 


_!l_ 

Output Fall Time, X 

0.38 

0.47 

0.75 

0.94 

0.38 


0.75 

0.94 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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A021H 


MOTOROLA TECHNICAL DATA 


2,1 -Input AND-OR A021H 

2X Drive 

(3.3 V and 5 V Core Voltage) 




CMOS SWITCHING CHARACTERISTICS 


(input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

FO=0 1 FO=2 1 FO=8 |K(n8/pF) 

FO=0 1 FO=2 { FO=8 | K (ns/pF) 

A021H 1 

■aw 

Propagation Delay, 

AtoX 

■oeeb 


TiI31 


0.59 

0.65 

0.83 

0.60 

iHafHi 




■QQJI 

0.80 

0.86 

1.02 

0.55 

'■aw 

Propagation Delay, 

BtoX 


ICBSSIII 

KISisB 



0.66 

0.83 

0.59 

HailiH 

WilCTi 



■QQ9| 


1.00 

1.17 

0.56 

msm 

Propagation Delay, 

CtoX 

0.40 

TtgiW 


0.42 





WEsm 



0.67 

0.42 

0.73 



0.54 

tr 

Output Rise Time, X 

0.16 

0.28 

0.64 

1.20 

0.21 




_Jl_ 

Output Fall Time, X 

0.31 

0.37 

0.53 

0.55 

0.38 

0-45 

0.66 

0-70 


Capacitance per fanout = 0.05 pF (metal capacitance Is not included). 


FUNCTIONAL DIAGRAM: A021H 
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A022H 

MOTOROLA TECHNICAL DATA 


2-Wide, 2-Input AND-OR A022H 

2X Drive 

(3.3 V and 5 V Core Voitage) 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 




5V 

Sym 

Parameter 

FO=0 FO=2 FO=8 K (ns/pF) 


3.3 V 

FOs2 I FO=8 


Rev. 1.07 


K(ns/pF)| 



Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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A0321H 


MOTOROLA TECHNICAL DATA 


3 , 2 , 1-Input AND-OR Gate A0321H 

2X Drive 

(3.3 V and 5 V Core Voltage) 


MACRO 

EQUIV. GATES 

A0321H 

5 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

A0321H 

X/A-F 


MACRO 

INPUT CAP. 

A0321H 

A-F; 0.05pF 


FUNCTION TABLE 


A 

B 

C 

D 

E 

F 

X 

L 

X 

X 

L 

X 

L 

L 

X 

L 

X 

L 

X 

L 

L 

X 

X 

L 

L 

X 

L 

L 

L 

X 

X 

X 

L 

L 

L 

X 

L 

X 

X 

L 

L 

L 

X 

X 

L 

X 

L 

L 

L 

H 

H 

H 

X 

X 

X 

H 

X 

X 

X 

H 

H 

X 

H 

X 

X 

X 

X 

X 

H 

H 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. _ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 1 

FO=0 1 FO=2 1 FO=8 |K(ns/pF) 

FO=0 1 FO=2 

FO=8 1 K (ns/pF) | 

A0321H 1 

■uni 

Propagation Delay, 

AtoX 



0.75 

0.44 

0.76 

0.82 

1.00 

0.61 

■am 

kesii 







0.76 


Propagation Delay, 

BtoX 







bedi 


H9!Hi 

■bEKH 



0.58 




HEESHI 

■sm 

Propagation Delay, 

CtoX 

0.57 



0.43 

0.79 


beei 



0.50 



0.58 

0.71 


BESi 

0.77 

■isni 

Propagation Delay, 

DtoX 

■iSUi 


■13 

0.41 

0.68 

0.74 


0.59 

■9M 




0.58 


Hillsm 


0.78 

13M 

Propagation Delay, 

EtoX 

0.49 

0.53 

0.66 




gaKTsM 

0.59 

H9!Hi 



0.83 


0.85 



0.78 

■aw 

Propagation Delay, 

FtoX 


0.49 

0.62 

WES3M 

0.61 

0.67 

0.85 

0.59 



0.61 

0.78 

0.57 

0.78 



0.77 

‘r 

Output Rise Time, X 



0.75 

1.20 

0.35 

IQ^I 

1.03 

1.69 

_L_ 

Output Fall Time, X 

0.33 

0.42 

0.71 

0.97 

0.38 


0.88 

1.24 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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AU4CJZ1M 


MOTOROLA TECHNICAL DATA 


4,3,2,1-Input AND-OR Gate 
2X Drive 

(3.3 V and 5 V Core Voltage) 


MACRO 

EQUIV. GATES 

A04321H 

8 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

A04321H 

X/A-J 


MACRO 

INPUT CAP. 

A04321H 

A-J: 0.05pF 


FUNCTION TABLE 


(A*B*C*D) 

(E*F*G) 

(H*l) 

J 

X 

H 

X 

X 

X 

H 

X 

H 

X 

X 

H 

X 

X 

H 

X 

H 

X 

X 

X 

H 

H 

L 

L 

L 

L 

L 


A04321H 



CMOS SWITCHING CHARACTERISTICS 

(input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) ail units are in ns._ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V I 

FO=0 1 FO=2 1 FO=8 |K(ns/pF) 

FO=0 I FO=2 

FO=8 

K(ns/pF)| 

A04321H 1 


Propagation Delay, 

AtoX 


0.70 


HEEEH 


■E3 

MEPM 

0.64 

■H 


KESB 

kebb 

WESBKk 

Ksisjjl 


BEQi 

1.05 

■BIM 

Propagation Delay, 

BtoX 

0.68 



0.46 

0.92 


BEEI 

0.64 

HSUiH 


0.53 


0.77 

0.66 

0.77 

1.08 


■sm 

Propagation Delay, 

CtoX 

0.70 

0.75 


0.46 

0.99 

1.05 

1.25 

IHEBSfli 



ftgfiM 

0.83 

0.77 

0.76 

0.87 

1.19 


■BIM 

Propagation Delay, 

DtoX 

0.70 

0.74 

0.88 

0.46 

0.99 

KES 


0.65 

■BilH 

figM 




0.81 



1.07 

MSKM 

Propagation Delay, 

EtoX 


0.68 

0.81 


Bsinai 



0.60 

— 


0.50 

0.74 

0.77 


K&l 


1.05 

HBUH 

Propagation Delay, 

FtoX 



0.81 

0.43 

1 0.88 

MtMil 


0.60 

■9M 



0.80 

0.77 



MBIcM 

1.05 

■m 

Propagation Delay, 

GtoX 




0.43 

0.89 

WiIskM 

1.13 

0.61 

Msam 


0.63 



0.78 


1.21 

1.06 

1M 

Propagation Delay, 

HtoX 




0.42 

0.74 




HBRiH 

0.75 

0.83 

1.06 

hebi 

1.08 

WSSSM 

1.51 

1.06 

WBSKM 

Propagation Delay, 

ItoX 



0.71 

■EEQB 

0.75 

0.81 


0.60 

ISf 



0.96 

■EIQi 

0.94 

1.05 

IBicVJ 

1.07 

MHlWI 

Propagation Delay, 

JtoX 

0.49 

0.53 

0.66 


0.68 


0.91 

0.59 

H9!IH 





0.87 

0.98 

1.30 

1.07 

tr 

Output Rise Time, X 

0.40 

faeai 

0.88 

1.20 



1.17 

1.69 

„„ Jt 

Output Fall Time, X 






bsh 

1.16 

1.80 


Capacitance per fanout = 0.05 pF (metai capacitance is not included). 
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MOTOROLA TECHNICAL DATA 


2,1-lnputAND-OR-lnvert AOI21 

1X&2X Drive AOI21H 

(3.3 V and 5 V Core Voltage) 





FUNCTION TABLE 


A 

B 

C 

X 

X 

X 

H 

L 

n 

H 

B 

B 

B 

L 

B 

B 

■■ 

X 

Bl 

IB 



CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


Rev. 1.07 



Parameter 

5V 

3.3 V 1 

FO=0 I FO=2 I FO=8 |K(ns/pF) 



AOI21 1 

■sm 

Propagation Delay, 

AtoX 


0.36 

BEEBi 

1.61 

0.28 

KES 

BIF>B 

2.36 

msm 

0.28 

0.40 

MHWIM 

1.14 

0.37 

KVHB 


1.50 

■sm 

Propagation Delay, 

BtoX 



BEEQI 

1.60 

0.38 





0.25 


keu 

1.13 

0.34 

0.49 

0.94 

1.50 


Propagation Delay, 

CtoX 



0.94 

1.61 

0.44 

0.67 

1.38 

2.36 

■H 

0.29 

MPKai 

0.59 

0.76 


kem 


0.91 

tr . 

Output Rise Time, X 

0.50 

0.99 

2.45 

4.87 

0.70 

HEM 


7.01 

_if_ 

Output Fall Time, X 

0.28 

0.48 

1.07 

1.96 

0.31 

KIsIbI 

■EM 

2.54 

AOI21H I 

HIM 

Propagation Delay, 

AtoX 




0.80 

Km 



1.18 

|R||H 

IE&M 


TiW 

0.57 


0.40 

0.63 

0.75 


Propagation Delay, 

BtoX 





0.37 

0.48 

0.84 

1.18 

H9lM 


0.30 

BOEBI 

0.56 

0.32 

0.40 

0.62 

0.75 

■SIM 

Propagation Delay, 

CtoX 


0.37 



0.41 

0.53 

0.89 

1.18 

■SIM 


0.29 

0.41 

Bi^EH 




0.46 

‘r 

Output Rise Time, X 

0.49 

0.73 

1.46 

BBEBU 


■EM 


3.50 

_iL_ 

Output Fall Time, X 

0.31 

0.40 

0.69 

0.94 

0-33 

0.46 

0.83 

1.25 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


FUNCTIONAL DIAGRAM: AOI21 FUNCTIONAL DIAGRAM: AOI21H 
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MOTOROLA TECHNICAL DATA 


AOI211 AOI211H 


2,1,1-Input AND-OR-Invert 
IX & 2X Drive 

(3.3 V and 5 V Core Voltage) 


MACRO 

EQUIV. GATES 

AOI211 

2 

AOI211H 

4 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

X/A-D 


MACRO 

INPUT CAP. 

All 

A-D: O.OSpF 


FUNCTION TABLE 



AOI211 

AOI211H 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 

5V 


FO=8 |K(ns/pF)| FO=0 I FO=2 I FO=8 I K(ns/pF) I 
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A0122 AOI22H 


MOTOROLA TECHNICAL DATA 


2-Wide, 2-Input AND-OR-Invert 
1X&2X Drive 

(3.3 V and 5 V Core Voltage) 



FUNCTION TABLE 


A 

B 

C 

D 

X 

H 

H 

X 

X 

L 

X 

X 

H 

H 

L 

X 

L 

L 

X 

H 

L 

X 

X 

L 

H 

H 

L 

H 

L 

H 

L 

H 

L 

H 

H 


AOI22 

AOI22H 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 1 

FO=0 I FOs2 I FO=8 |K(ns/pF) 

FO=:0 1 FO=2 

FO=8 

K(na/pF)| 

AOI22 I 

■9RH 

Propagation Delay, 

AtoX 



0.69 

1.22 

■»w 

lig-bM 

1.03 

1.79 


Q.38 

0.49 

0.84 

1.14 



1.09 

1.51 

WESKU 

Propagation Delay, 

BtoX 

0.26 

0.38 

0.74 

1.21 




1.79 

WBssm 

0.34 

0.46 

0.80 

1.14 


kqb 


1.51 

WESKM 

Propagation Delay, 

CtoX 

0.26 

0.43 

0.91 

1.61 




2.36 

msm 

0.31 

KSB 

0.76 

1.14 

■mcBM 

■»1W 

0.99 

1.50 

WESKM 

Propagation Delay, 

DtoX 

0.33 

0.49 

0.98 

1.60 

keeb 

MiiW 

1.42 

2.35 

H!9!Hi 

ICTi 

0.38 

0.73 

1.14 

1 0.36 

0.51 

0.96 

1.50 

tr 

Output Rise Time, X 


1.10 

2.56 

4.87 


1.55 

3.65 

7.01 

_!f 

Output Fall Time, X 

0.33 

0.53 

1.12 

1.97 

; 0.36 

0.61 

1.38 

2.55 

AOI22H I 

msm 

Propagation Delay, 

AtoX 

0.62 

0.65 

0.73 

0.28 

ESDI 

0.95 

1.07 

0.39 

WEsm 

0.76 

0.79 

0.87 

0.28 

■EK 

MM 

1.21 

0.34 

WEsm 

Propagation Delay, 

B to X 

■ESDI 

ksdi 

KSH 

wmmm 

1.02 


■ioi 

0.40 

— 

K&B 

Ksa 

Km 

Kmi 

1.05 


■|M 

0.34 

||B|H 

Propagation Delay, 

CtoX 

Km 

0.79 


0.28 

1.09 

1.13 

1.25 

0.40 

H9!lllii 

0,69 

Ksai 

kesb 

■smi 


1.02 

1.12 

0.34 

Kjn 

Propagation Delay, 

DtoX 

0.86 

■UK 

ke&h 


1 1.26 

1.30 



H!9!ni 


KJUsH 

Km 

0.27 



1.11 


‘r 

Output Rise Time, X 



Km 

■Esm 

0.23 

0.34 

0.67 

1.10 

.Jl. 

Output Fall Time, X 


Miff 

0,37 

— 

0.25 

0.30 

0.43 

0.45 


Capacitance per fanout = ().05 pF (metal capecitance is not included). 
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BUF 

■■■■■■■■ MOTOROLA TECHNICAL DATA 


Non-Inverting Buffer 
IX Drive 

(3.3 V and 5 V Voltage) 


FUNCTION TABLE 



BUF 



CMOS SWITCHING CHARACTERISTICS 



Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


FUNCTIONAL DIAGRAM: BUF 

^DD ^DD 
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MOTOROLA TECHNICAL DATA 


BUF2 BUF2B 


Non-Inverting Buffer 
2X Drive 

(3.3 V and 5 V Voltage) 


BUF2 

BUF2B 


MACRO 

EQUIV. GATES 

BUF2 

2 

BUF2B 

3 


FUNCTION TABLE 


MACRO 

OUTPUTS/INPUTS 

All 

X/A 



tiutz 


MACRO 

INPUT CAP. 

BUF2 

A: O.OSpF 

BUF2B 

A: 0.07pF 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


Rev. 1.07 
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BUF4 BUF4B 


MOTOROLA TECHNICAL DATA 


Non-Inverting Buffer 
4X Drive 

(3.3 V and 5 V Voltage) 



BUF4 

BUF4B 


BUF4 
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MOTOROLA TECHNICAL DATA 


BUF8 BUF8B 


Non-Inverting Buffer 
8X Drive 

(3.3 V and 5 V Voltage) 



BUF8 

BUF8B 


BUF8 

A— 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25,0°C (Nominal) all units are in ns. Rev. 1.07 



Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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BUFX 


MOTOROLA TECHNICAL DATA 


Non-Inverting Buffer, High Drive BUFX 

(Use Output Buffer From I/O Site) 

(3.3 V and 5 V Voltage) 


BUFX 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nonr 


Sym Parameter ^ ' "T" 


Rev. 1.07 


5V 

3.3 V 

FO=0 1 FO=2 1 FO=8 | K (ns/pF) 

FO=0 1 FO=2 1 FO=8 | K(ns/pF) 
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DCR4H 


MOTOROLA TECHNICAL DATA 


4-Bit Decrementer 
2X Drive 

(3.3 V and 5 V Voltage) 


MACRO 

EQUIV. GATES 

DCR4H 

28 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

DCR4H 

SO-S3.CO.PR / 
A0-A3,CI 


FUNCTION TABLE 


A0-A3 

Cl 

S0-S3 

CO 

PR 


H 

A0-A3 

H 

H 

*0 

L 

(A0-A3)-1 

H 

H 

=0 

H 

L(AII) 

H 

L 

=0 

L 

H(AII) 

L 

L 

NOTE: AO,SO = LSB, A3,S3 = MSB | 


MACRO 

INPUT CAP. 

DCR4H 

A0-A2: 0.17pF 
A3:0.10pF 
CI;0.21pF 


DCR4H 



AO 

SO 


— 

A1 

SI 

— 


A2 

S2 




DCR4H 


— 

A3 

S3 



Cl 

CO 




PR 

— 


CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 1 

FO=0 1 FO=2 1 FO=8 | K(ns/pF) 




■aw 

Propagation Delay, 

AO to CO 



0.76 

0.41 

EES 

mmm 

BOB 

0.59 


hebi 

1.41 

1.54 

0.42 

jEESM 


ifeJkfelB 

0.53 

HD9RH 

Propagation Delay, 

AO to PR 

0.36 

0.40 

0.53 

0.41 

ebi 


BBS 

0.58 

WEsm 


BIsEB 

1.19 

0.51 



bei 

0.68 

WESEM 




0.79 

0.43 

gina 


BUsI 

0.60 


0.71 



0.44 


■lira 

BESi 

0.56 

H9IS 

Propagation Delay, 

AO to SI & A1 to S2 

1.00 

1.04 

1.17 

0.42 

BEQI 

mwm 

BEH 

0.60 

wEsm 

0.85 

0.89 

msm 

0.44 

BQI 


beei 

0.56 



1.51 

1.55 


0.42 




0.60 

HanH 

1.18 

1.23 

mem 

0.44 

■ESI 

mM 

■IkM 

0.56 

■aw 

Propagation Delay, 

AO to S3 


2.04 

2.17 


eesi 

w-ra 


0.60 

HaiNi 

1.47 

MW 


0.44 


reiEi 

■>cW 

0.57 

■aw 

Propagation Delay, 

A1 to CO 



WCWSM 

0.42 



1.09 

0.58 

wawi 



1.59 

0.42 

reiCT 

JE^ 

2.35 

0.53 

Hai!H 

Propagation Delay, 

A1 to PR 

0.38 

0.43 

0.55 

0.41 


0.59 

0.77 

0.59 

— 

1.05 

1.10 


0.51 

■EQI 

■^1 

■IsSI 

0.68 

BPSiWi 

Propagation Delay, 

A1 to S3 

1.49 

1.53 


0.42 




0.60 

HSiHl 

1.15 


1.32 

0.44 

KW 



0.56 

■am 

Propagation Delay, 

A2,A3 to CO 

0.62 

0,67 , 

0.79 

0.41 

KIMi 



0.60 




1.68 

0.42 




0.56 

Hai!H 

Propagation Delay, 

A2 to PR 




0.42 


li£2s| 

no 

0.58 

tpHL 

1.10 


1.31 

0.51 


2.35 


0.53 

Vlh 

Propagation Delay, 

A2 to S3 


0.99 


0.43 




0.59 

¥hl 




0.44 



IBIbU 

0.68 

tpLH 

Propagation Delay, 

A3 to PR 

0.40 

0.45 

0.57 

0.42 

1.40 

1.46 

1.64 

0.60 

tpHL 

1.16 

1.21 

1.36 

0.50 

1.13 

1.19 

1.36 

0.56 

¥lh 

Propagation Delay, 

Cl to CO 

0.31 

0.35 

0.47 

0.41 

0.88 

0.94 

1.11 

0.58 

¥hl 

0.50 

0.54 

0.67 

0.42 

2.34 

2.39 

2.55 

0.53 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


H4CPIUS Series Design Reference Guide 


MOTOROLA 

7-215 






























































DCR4H 


MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 

(input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._____Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

FO=0 


FO=8 

K (ns/pF) 


FO=2 

FO=8 

K (ns/pF) 

H9I!I 

Propagation Delay, 

Cl to SO 



0.63 

0.42 



EESI 

0.60 

■9M 

0.50 

0.54 

0.67 

0.44 

MEM 



0.68 


Propagation Deiay, 

Cl to SI 

0.73 

ksbh 


0.43 

MEM 

Esni 


0.58 


0.94 



0.44 

eeqi 

ElfQ 


0.53 

'■sn 

Propagation Delay, 

Cl to S2 


1.10 


0.42 

0.68 

0.74 

0.92 

0.59 

'Mssm 



1.64 

0.44 


ESII 


0.56 


Propagation Delay, 

Cl to S3 

1.35 


1.52 

0.43 



MEM 

0.60 

■am 

1.95 

■E3I 




HECTI 


0.55 

‘r 

Output Rise Time, CO 

0.13 

0.25 


1.21 



1.72 

0.60 

‘f 

Output Fall Time, CO 




0.57 

0.31 

0.38 


0.70 

tr 

Output Rise Time, PR 

0.19 

0.31 

0.67 

1.21 


EES 


1.71 

'f 

Output Fall Time, PR 

0.54 

0.60 



itiligii 


KtMli 

0.75 

‘r 

Output Rise Time, S0-S3 

0.18 

0.30 


1.19 

WEM 

BBH 

HBB 

gmniimi 

‘f 

Output Fall Time, S0-S3 




0.60 





tr 

Output Rise Time, S0,S1 ,S3 





0.21 

0.38 

0.89 

1.70 

_ t, 

Output Fall Time, S0,S1 ,S3 







|[Q||^| 

0.71 

.tr 

Output Rise Time, S2 







eeh 

1.70 

*1 

Output Fall Time, S2 








0.73 


Capacitance per fanout ~ 0.05 pF (metal capacitance is not inciuded). 


FUNCTIONAL DIAGRAM: DCR4H 
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MOTOROLA TECHNICAL DATA 


DEC4H 


1 of 4 Decoder 
2X Drive 

(3.3 V and 5 V Voltage) 



DEC4H 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


Rev. 1.07 



Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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DEC4AH 


MOTOROLA TECHNICAL DATA 


1 of 4 Decoder, Active High Outputs 
2X Drive 

(3.3 V and 5 V Voitage) 


MACRO 

EQUIV. GATES 

DEC4AH 

14 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

DEC4AH 

X0-X3/SL0,SL1,EN 


MACRO 

INPUT CAP. 

DEC4AH 

EN; 0.20pF 
SL0,SL1:0.15pF 


FUNCTION TABLE 


iEh 


ESI 

MM 

KM 


MB 

L 

L 

H 

n 

■■ 

mm 

B 

L 

H 

H 

D 

H 

B 

B 

H 

L 

H 

D 

D 

H 

B 

H 

H 

H 

D 

D 

mm 

H 

X 

X 

L 

■■ 

H 

B 

Bi 


NOTE: 

This macro has common enable on decoder. 


DEC4AH 


DEC4AH 


SLO 

XO 

SL1 

XI 


X2 

EN 

X3 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5V 

miHBEQIIBlBBi 

FO=0 1 FO=2 1 FO=8 | K(ns/pF) 

FO=0 1 FO=2 1 FO=8 | K (ns/pF) | 

1 DEC4AH 1 


Propagation Delay, 

EN to X0-X3 



0.74 

0.43 


EESi 


0.62 

■9M 




0.40 


EQI 

EES 

0.50 

■3m 

Propagation Delay, 

SLO to X0,X2 

0.71 



0.43 

■IBM 

BE31 

MEM 

0.62 

1 ^PHL 




0.40 


EEQI 

■ES 

0.49 

■3I!H 


0.56 

0.60 

0.73 

0.43 




0.62 

WESSm 

0.38 

■22^ 

0.54 

0.40 



EEi 

0.48 

■sm 


0.65 


0.82 

0.43 


Iftligii 

MWPM 

0.62 

■3m 



ism 

0.39 

EBsI 


eeei 

0.48 

■3m 

Propagation Delay, 

SL1 to X2,X3 

Ji 

MiW 

KBE 

0.43 




0.62 

■3m 

0.33 

0.37 

0.48 

0.39 



0.69 

0.48 

‘r 

Output Rise Time, X0-X3 



0.68 

1.18 



EES 

1.68 

_!l_ 

Output Fall Time, X0-X3 

0.23 

0.29 

0.46 

0.57 


KilcM 


0.69 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


FUNCTIONAL DIAGRAM: DEC4AH 
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MOTOROLA TECHNICAL DATA 


DEC10F8 


1 of 8 Decoder, with Enable DEC1OF8 

Active Low Outputs 

(3 V stnH fi M 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 1 





■9m 

Propagation Delay, 

ENB to X0B-X7B 

KEEB 



0.82 




1.16 

■9m 

keeb 



1.20 

1.21 

1.37 

1.85 

1.60 

■9m 

Propagation Delay, 

SLO to X0B,X2B,X4B,X6B 

kebi 

0.46 

0.70 

0.83 



■ilETa 

1.16 

■9m 

HEEEB 

1.01 

1.37 

1.19 




1.60 

■am 



0.61 

0.86 

0.82 

0.73 

0.85 

1.20 

1.16 

■9!^l 


1.22 

1.58 

o 

C\J 


1.77 

2.25 

1.61 

■9m 

Propagation Delay, 

SL1 toX0B,X1B,X4B,X5B 

keeb 

0.47 

0.72 

0.83 


mmm 

1.01 

1.17 

■9m 

BSEIB 



1.19 

1.35 



1.60 

■9IM 

Propagation Delay, 

SL1 to X2B,X3B,X6B,X7B 



0.90 

0.83 

EEB 

mmm 

gw 

1.16 

■9m 




1.19 


iiksB 


1.60 

■9m 

Propagation Delay, 

SL2 to X0B-X3B 


■^n 

0.90 

0.82 



glPIM 

1.16 

■9m 

0.59 

0.71 


1.15 

0.83 

0.98 

1.44 

1.53 

■9m 

Propagation Delay, 

SL2 to X4B-X7B 

0.85 

0.94 

1.18 

0.82 

BEB 


gw 

1.16 

■9m 

0.91 


1.37 

1.14 


—eOi 

gw 

1.52 

•r 

Output Rise Time, X0B-X7B 

0.26 

0.51 


2.45 

eeb 



3.45 

_!l_ 

Output Fall Time, X0B-X7B 

0.41 

0.61 


1.94 

IsIsB 



2.51 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


FUNCTIONAL DIAGRAM: DEC10F8 



XOB 

X1B 

X2B 

X3B 

X4B 

X5B 

X6B 

X7B 
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DEC8AH 


MOTOROLA TECHNICAL DATA 


1 of 8 Decoder with Enable 
Active High Outputs 2X Drive 
(3.3 V and 5 V Voltage) 


MACRO 

EQUIV. GATES 

DEC8AH 

30 


Rev. 1.07 


MACRO 


DEC8AH 



MACRO 


DEC8AH 



FUNCTION TABLE 


SL2 

SL1 

SLO 

EN 

XO 

X1 

X2 

X3 

X4 

X5 

X6 


L 

L 

L 

H 

H 

L 

L 

L 

D 

L 

L 

IQI 

L 

L 

H 

H 

L 

H 

L 

L 

B 

L 

L 


L 

H 

L 

H 

L 

L 

H 

L 

B 

L 

L 


L 

H 

H 

H 

L 

L 

L 

H 

L 

L 

L 


H 

L 

L 

H 

L 

L 

L 

L 

H 

L 

L 


H 

L 

H 

H 

L 

L 

L 

L 

L 

H 

L 


H 

H 

L 

H 

L 

L 

L 

L 

L 

L 

H 


H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

.^9 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 



DEC8AH 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. _ Rev. 1.07 


Sym 

Parameter 

_5V_I 

3.3 V 1 


1 

I 

DEC8AH 1 

tpLH 

Propagation Delay, 

EN to X0-X7 

0.69 

0.74 

0.87 

0.45 

0.97 

1.04 

1.23 

0.64 

Vhl 

0.48 

0.52 

0.64 

0.41 

0.70 

0.75 

0.91 

0.51 

_ tpjH_ 

Propagation Delay, 

SLO to X0,X2,X4,X6 

1.02 

1.06 

1.20 

0.45 

1.42 

1.48 

1.67 

0.64 

HBH 

0.84 

0.88 

1.00 

0.41 

1.16 

1.21 

1.36 

0.50 

M31M 

Propagation Delay, 

SLO to XI ,X3,X5,X7 




0.45 


BW:B 

BICT 

0.65 

Msm 


0.94 

bdeis 

0.41 

■ESI 


beei 

0.50 

MSKU 

Propagation Delay, 

SL1 toX0,X1,X4,X5 

0.94 

0.99 


0.45 


BESi 

B^ 

0.64 

WMBi 


0.79 


0.39 


beeb 

mem 

0.49 

MBIMi 

Propagation Delay, 

SL1 to X2,X3,X6,X7 

»wi!ai 


1.24 

0.45 



BBZB 

0.65 



0.84 



BUM 


BICT 

0.50 

WBSBM 

Propagation Delay, 

SL2 to X0-X3 

0.84 



0.45 



BEOI 

0.64 



0.67 

0.79 

0.39 

1 0.88 

0.93 

1.07 

0.49 

H9I!H 


1.01 

1.05 

1.19 

0.46 

Bgrai 

beei 


0.65 

■S!Hi 



0.89 

0.40 

BVflB 

BlifiB 

BIPIB 

0.48 


Output Rise Time, X0-X7 

0.26 

keb 

0.73 

1.18 





If 

Output Fall Time, X0-X7 

0.28 

0.33 

0.50 

0.56 





‘r 


HBBB 

BBBfli 

HHBI 

BIBBH 

0.32 

0.49 

0.99 

1.68 

‘f 


■BBH 

HHH 

HHI 

HBIBBI 



0.57 


. tr 


iBBBBI 

bbhh 

miB 

BHHBI 

■tlKM 


1.03 

bbeebh 

_ 


iHHHI 

HHH 

■■B 

bbbbb 

BakTiB 



0.68 


Capacitance per fanout = 0.05 pF (metal capacitance is not Included). 
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MOTOROLA TECHNICAL DATA 


DEC8AH 
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DFF1A 


MOTOROLA TECHNICAL DATA 



Scan D Flip Flop DFF1A 

(3.3 V and 5 V Core Voltage) 


MACRO 

EQUIV. GATES 

DFF1A 

15 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

DFF1A 

Q,SQ/ 

D,CK,SD,SE,E1,E2 


MACRO 

INPUT CAP. 

DFF1A 

CK,E1,E2: 0.05pF 
D;0.15pF 
SD;0.21pF 

SE: O.IOpF 


FUNCTIONAL DESCRIPTION: 

DFF1A is a redesign of the DFF1 to enhance routability. 


FUNCTION TABLE 


D 

CK 

SD 

SE 

E1 

E2 

Q 

SO 

MODE 

L 

J- 

X 

L 

H 

H 

L 

L 

NORMAL 

H 

S 

X 

L 

H 

H 

H 

H 


X 

y 

L 

H 

X 

X 

L 

L 

SCAN 

X 

y 

H 

H 

X 

X 

H 

H 


X 

y 

X 

L 

L 

X 

Q 

SQ 

HOLD OR 

X 

y 

X 

L 

X 

L 

Q 

SQ 

DISABLE 



CMOS SWITCHING CHARACTERISTICS 

(input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

FO=0 1 FO=2 1 FO=8 | K(ns/pF) 

FO=0 1 FO=2 1 FO=8 ( K (ns/pF) 

DFF1A 1 

MSKM 

Propagation Delay, 

CK toQ 

0.79 

0.83 

0.96 

0.43 

1.10 

1.17 

1.35 

0.61 

ISM 

0.77 

0.82 

0.96 

0.46 

1.13 

1.19 

1.36 

0.60 

H9l!H 


MKcSM 

1.42 


0.82 

1.91 



1.16 


■lES 

1.42 

■la 

0.76 





ftrn 

Output Rise Time, Q 


0.30 

0.65 

1.19 



MtMm 

1.69 


Output Fall Time, Q 

0.25 

0.31 

0.48 

0.60 


TOFJi 


0.73 

tr 


0.15 

0.40 

1.12 

2.43 

0.19 

0.53 

1.57 

3.44 

_ 

Output Fall Time, SQ 

0.15 

0.26 

0.61 

1.17 

0.21 

0.35 

0.77 

1.40 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


CMOS TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

Minimum Requirement 

Minimum Requirement 

DFF1A 

Uu 

Set Up Time, D to CK 

0.32 

0.57 

jllQyillll 


1.03 

1.51 

fsu 

Set Up Time, E2 to CK 

1.01 

1.47 

'su 

Set Up Time, SD to CK 

0.55 

0.98 

Uu 

Set Up Time, SE to CK 

0.94 

1.38 

th 

Hold Time, CK to D 

0.36 

0.48 


Hold Time, CKto El 

-0.29 

-0.44 

th 

Hold Time, CK to E2 

-0.25 

-0.39 

th 

Hold Time, CK to SD 

0.19 

0.21 

th 

Hold Time. CK to SE 

-0.04 

-0.09 


Pulse Width, CK(L) 

0.68 

1.06 

1 tw 

Pulse Width, CK(H) 

1.00 

1.46 

mm 

Min Period, CK 

1.62 

2.41 


MOTOROLA 

7-222 


H4CPIUS Series Design Reference Guide 









































MOTOROLA TECHNICAL DATA 


DFF1A 


SYMBOL: DFFIA.BASE 



FUNCTIONAL DIAGRAM: DFFIA.BASE 



FUNCTIONAL DIAGRAM: DFF1A 
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DFF4A 


MOTOROLA TECHNICAL DATA 


4-Bit Scan D Flip Flop DFF4A 

(3.3 V and 5 V Core Voltage) 


MACRO 

EQUIV. GATES 

DFF4A 

48 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS | 





INPUT CAP. I 

DFF4A 



FUNCTIONAL DESCRIPTION: 

DFF4A is a redesign of the DFF4 to enhance routability. 


FUNCTION TABLE 


D0-D3 

CK 

SDO 

SE 

IT 

E2J 



MODE 

■■ 

S 

X 

D 



L 

L 

NORMAL 


J- 

X 




H 

H 



J- 

L 


D 

D 

L.Qn-1 

Q2 

SCAN 

D 

J- 

H 


D 

H 

H.Qn-1 

Q2 

D 

J~ 

X 

D 

II 

H 

Qn 


HOLD OR 

H 

S 

X 

H 

H 

n 

On 


DISABLE 



DO 

00 

— 

D1 

01 

— 

D2 

02 


D3 

03 

s 

>CK 


H 

DFF4A 


SDO 



SE 



El 


B 

E2 

S03 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 1 

FO=0 


FO=0 1 FO=:2 1 FO=8 



■sm 





0.43 

HIM 

■KOI 

1.35 

0.61 

— 



M«!lbM 

0.46 

1 1.13 


■ESI 

0.60 

H9IIH 

Propagation Delay, 

CK to SQ3 

_ 1.34 


g'lTtai 

0.82 




1.16 




1.65 

0.76 




0.91 





0.66 

1.19 


0.39 

0.90 

1.69 

‘f 

Output Fall Time, 00-03 

0.26 


0.50 

0.59 

Esa 

EEEI 

13131 

0.73 

_t. 

Output Rise Time, S03 

0.15 

0.40 

1.13 

2.43 

liia 



3.44 

miQH 

Output Fall Time, S03 

0.13 

0.25 

0.60 

1.18 

1 0.19 

0.33 

0.76 

1.41 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


CMOS TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 


Minimum Requirement 

DFF4A 


Set Up Time, D0-D3 to CK 

0.32 

0.57 

tsu 

Set Up Time, El ,E2 to CK 

1.57 

2.27 

^su 

Set Up Time, SDO to CK 

0.55 

0.98 

Uu 

Set Up Time, SE to CK 

1.11 

1.62 

'h 

Hold Time, CKto D0-D3 

0.36 

0.47 

mEM 

Hold Time, CKto El 

-0.77 

-1.12 

th 

Hold Time, CK to E2 

-0.82 

-1.20 

th 

Hold Time, CKto SDO 

0.19 

0.21 

BOB 

Hold Time, CK to SE 

-0.15 

-0.22 

HBBI 

Pulse Width, CK(L) 

0.68 

1.05 

1 

Pulse Width, CK(H) 

0.97 

1.44 

1— 

Min Period, CK 

1.59 

2.39 
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DFFGLP 


MOTOROLA TECHNICAL DATA 


D Flip Flop, Multiplexed (or Scan) input 

with HOLD Function 

(3.3 V and 5 V Core Voitage) 


MACRO 

EQUIV. GATES 

DFFGLP 

13 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

DFFGLP 

Q,QB/ 

D,CK,SDIB,SE,G 


MACRO 

INPUT CAP. 

DFFGLP 

CK,D,SDIB: O.OSpF 
G,SE: O.IOpF 


FUNCTION TABLE 


D 

SDIB 

SE 

CK 

G 

Qn+1 

QBn+1 

X 

L 

H 

J- 

X 

H 

L 


H 

H 

y 

X 

L 

H 

L 

X 

L 

y 

H 

L 

H 

H 

X 

L 

y 

H 

H 

L 

X 

X 

L 

y 

L 

Qn 

QBn 


DFFGLP 



D Q 

— 

>CK 


DFFGLP 

— 

SDIB 


SE 

— 

G QB 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


Rev. 1.07 


Sym 

Parameter 

5V 


FO=0 1 FO=2 




■SB 

Propagation Delay, 

CKto Q 




0.44 

■KM 

■KOI 

bebi 

0.62 

■3B 




0.80 


■eei 

bbi 

1.01 

_Wl_ 

Propagation Delay, 

CK to QB 

1.26 

1.34 

1.59 

0.82 


UsEI 


1.15 

WB5SU 

1.37 



0.76 




0.90 

‘r 

Output Rise Time, Q 

0.23 

0.34 

0.69 

1.15 



beb 

1.71 

‘f 





1.14 



gf»M 

1.58 

»r . 

Output Rise Time, QB 

0.13 


1.12 

2.47 


EE3I 


3.46 


Output Fall Time, QB 

0.09 


0.62 

1.31 

ElDi 



1.51 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


CMOS TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

Minimum Requirement 

Minimum Requirement 

DFFGLP 

tsu 

Set Up Time, D to CK 

1.01 

1.59 

Uu 

Set Up Time, G to CK 

0.96 

1.53 

^su 

Set Up Time, SDIB to CK 

0.53 

0.82 

tsu 


0.61 

1.09 

th 

Hold Time, CK to D 

-0.20 

-0.34 

th 


-0.32 

-0.51 

th 

Hold Time, CK to SDIB 

0.15 

0.11 

th 

Hold Time, CK to SE 

0.01 

0.02 

tw 

Pulse Width, CK(L) 

0.35 

0.65 

tw 

Pulse Width, CK(H) 

0.58 

0.90 
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DFFLPA DFFLPAH 


MOTOROLA TECHNICAL DATA 


D Flip Flop, Multiplexed (or Scan) Input 
1X&2X Drive 

(3.3 V and 5 V Core Voitage) 



FUNCTIONAL DECRIPTION: 

This macro matches the functionality of the DFFLP & 
DFFLPH (respectively). The layout has been modified to 
reduce gate count and increase performance. All Inputs 
including CK are unbuffered. 


FUNCTION TABLE 


D 

SDI 

SE 

CK 

Q 

QB 

L 

X 

L 

y 

L 

H 

H 

X 

L 

J~ 

H 

L 

D 

D 

H 

S 

D 

m 


11 

H 

J~ 

H 

H 


DFFLPA 

DFFLPAH 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 



Parameter 

5V 

3.3 V 1 





DFFLPA 1 


Propagation Delay, 

CKto Q 

imuQii 



0.83 


■IiM 

■ESI 

1.16 

— 


0.64 

0.87 

0.77 

El^l 


1.17 

0.93 


Propagation Delay, 

CK to QB 




0.83 


KIM 

■KM 

1.16 



0.92 


0.76 


■KM 

■i.M 

0.92 

»r 

Output Rise Time, Q 

■KICTi 

0.37 





■IMJ 

3.44 

‘f 


0.14 

0.25 


1.18 


EE3I 


1.41 

tr 

Output Rise Time, QB 



1.10 



0.51 

■KM 


_!f 

Output Fall Time, QB 

0.14 



1.18 

0-21 

0.35 

0.77 

_ L40 _ 

DFFLPAH 1 

■sm 

Propagation Delay, 

CKto Q 


BQEQIfl 


0.43 




0.59 

MSBU 




0.41 

0.85 

wmm 


0.50 


Propagation Delay, 

CK to QB 

MBlECTi 


0.98 

0.41 

1.13 

■KM 

MEM 

0.58 

■iSH 

0.94 

0.98 

1.10 

0.40 

■KM 

mKim 

1.55 

0.49 

‘r 

Output Rise Time, Q 

0.16 

0.28 

0.64 


■tW 

■•Ki 


1.68 


Output Fall Time, Q 

0.16 



0.57 



gggni 

0.68 

‘r 

Output Rise Time, QB 

0.11 

0.23 


1.21 

■»»ia 

liicsi 


1.70 


Output Fall Time, QB 

0.16 

0.21 

0.38 

0.56 

1 0.21 

0.28 

0.49 

0.69 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


CMOS TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

Minimum Requirement 

Minimum Requirement 

DFFLPA 

tsu 

Set Up Time, D to CK 

0.66 

1.03 

tsu 

Set Up Time, SDI to CK 

0.71 

1.09 

tsu 

Set Up Time, SE to CK 

0.79 

1.23 

th 

Hold Time, CK to D 

-0.23 

-0.22 

th 

Hold Time, CK to SDI 

-0.23 

-0.26 
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MOTOROLA TECHNICAL DATA 


DFFLPA DFFLPAH 


CMOS TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


Rev. 1.07 




5V 

3.3 V 

Sym 

Parameter 

Minimum Requirement 

Minimum Requirement 

th 

Hold Time, CK to SE 

-0.27 

-0.29 

tw 

Pulse Width, CK(L) 

0.44 

0.67 

tw 

Pulse Width, CK(H) 

0.52 

0.76 


Set Up Time, D to CK 


Set Up Time, SDI to CK 


Set Up Time, SE to CK 


Hold Time, CK to D 


Hold Time, CKto SDI 


Hold Time, CK to SE 


tw 

Pulse Width, CK(L) 


tw 

Pulse Width, CK(H) 



FUNCTIONAL DIAGRAM: DFFLPA 


IX for DFFLPA 
2X for DFFLPAH 
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DFFP DFFPH 


MOTOROLA TECHNICAL DATA 


D Flip Flop 
1X&2X Drive 

(3.3 V and 5 V Core Voltage) 


DFFP 

DFFPH 


MACRO 

EQUIV. GATES 

All 

8 


FUNCTION TABLE 



MACRO 

INPUT CAP. 

All 

CK,D: O.OSpF 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns, 


5 

Sym ' Darannator I_ 


Rev. 1.07 


FO=0 FO=2 FO=8 K (ns/pF) I FO=0 I FO=2 
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MOTOROLA TECHNICAL DATA 
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DFFRP DFFRPH 


MOTOROLA TECHNICAL DATA 


D Flip Flop with Reset 
IX &2X Drive 

(3.3 V and 5 V Core Voltage) 



FUNCTION TABLE 



IBBI 


Q 


B 

j- 

H 

L 

H 

o 

j- 

H 

H 

L 

B 

A. 

H 

Q 

QB 

B 

X 

L 

L 

H 


DFFRP 

DFFRPH 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns. __ Rev. 1.07 


Sym 

Parameter 

_ __ ___5V_ ^ _ I 

3.3 V 1 




K(n8/pF) 1 

DFFRP I 

IjESIM 

Propagation Delay, 

CKto Q 


0.98 

1.23 

0.83 

■Egl 

Bicga 

■JBi 

1.17 1 

BPSilll 

■■KM 

0.99 

1.22 

0.77 


1.41 



H3I!H 

Propagation Delay, 

CKto QB 

1.05 


1.38 

0.83 



■E9 

1.16 

■9M 

1.11 

■BOB 

1.41 

0.76 



■IBICM 

0.92 

KM 

Propagation Delay, RB to Q 

0.40 

0.47 

0.70 

0.76 



beqi 

0.93 

KM 

Propagation Delay, RB to QB 

0.55 

■ilfilcM 

0.88 

0.82 

KJUfl 


■Bl 

1.16 

‘r 

Output Rise Time, Q 

0.18 

0.42 

1.15 



gI3ni 


3.42 

tf 

Output Fall Time, Q 

0.17 

0.29 

0.64 

1.17 



■iHai 

1.41 

‘r 

Output Rise Time, QB 

0.13 

0.37 

1.11 

2.44 




3.45 

_t,_ 

Output Fall Time, QB 

0.14 

0.26 

0.61 

1.17 


H«llcLMI 


1.40 

I DFFRPH I 

H9M 

Propagation Delay, 

CK to Q 

0.95 

1.00 

1.12 

0.43 

■■Bl 

KEBI 

MEM 

0.61 

KM 

0.96 

1.00 

1.12 

0.40 


WSESM 

BEBI 

0.49 

KM 

Propagation Delay, 

CKtoQB 

■bob 

1.22 

1.34 

0.41 

■li)B 

■E3 

lliK!!t!li 

■BBli 

KM 

mem 

1.28 

bieob 

0.40 

■EBI 

1.78 

■EEI 

bbeek 

KM 

Propagation Delay, RB to Q 

kem 

0.49 

■iXiM 


Elil 



0.50 

H!9lH 

Propagation Delay, RB to QB 

0.66 

0.71 

0.83 

0.41 

Mtlikll 


■KOI 

0.59 


Output Rise Time, Q 

0.20 

0.32 

0.68 

1.19 

1 0-29 

0.45 

0.96 

1.68 

tf 

Output Fall Time, Q 

MCKM 


0.44 

0.56 



SKI 

0.68 

tr 

Output Rise Time, QB 

■iW 

■013 

0.64 

1.20 




1.70 

-■Jt-. 

Output Fall Time, QB 

BPinai 

■tW 

0.41 

0.57 


■KM 


0.68 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


MOTOROLA 

7-232 


H4CPIUS Series Design Reference Guide 























































































































DFFRP DFFRPH 


MOTOROLA TECHNICAL DATA 


CMOS TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

Minimum Requirement 

Minimum Requirement 

DFFRP 

•su 

Set Up Time, D to CK 

0.42 

0.63 

•h 

Hold Time, CK to D 

0.22 

0.31 


Recovery Time, RB to CK 

-0.08 

-0.11 


Pulse Width, CK (L) 

0.65 

1.00 


Pulse Width, CK(H) 

0.73 

1.09 

tw 

Pulse Width, RB(L) 

0.65 

0.88 

tw 

Pulse Width, RB(H) 

0.03 

0.04 

DFFRPH 


Set Up Time, D to CK 

0.42 

0.63 

th 

Hold Time, CKtoD 

0.22 

0.31 

Vec 

Recovery Time, RB to CK 

-0.09 

-0.11 

tw 

Pulse Width, CK(L) 

0.65 

1.00 

tw 

Pulse Width, CK(H) 

0.85 

1.24 

tw 

Pulse Width, RB(L) 

0.73 

1.00 

tw 

Pulse Width, RB(H) 

0.04 

0.05 


FUNCTIONAL DIAGRAM: DFFRP 


CK 


D-^^>o—p^>o—O 


c 

OCKB 



^QB 


MX for DFFRP 
2X for DFFRPH 


H4CPIUS Series Design Reference Guide 


MOTOROLA 

7-233 
















DFFRLP DFFRLPH 


MOTOROLA TECHNICAL DATA 



D Flip Flop with Reset DFFRLP 

Multipiexed (or Scan) input 1X & 2X Drive DFFRLPH 

(3.3 V and 5 V Core Voitage) 


MACRO 

EQUIV. GATES 

All 

11 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 


Q,QB/ 

D,CK,SDI,SE,RB 


MACRO 

INPUT CAP. 

All 

CK,D,SDI: 0.05pF 
RB.SE: O.IOpF 


FUNCTION TABLE 


D 

gull 

El 

WSHM 

l=Bi 

El 

m 

L 

B 

L 

s 

H 

B 

H 

H 

D 

L 

j~ 

H 

D 

L 

X 

H 

H 

y 

H 

II 

H 

X 

D 

H 

y 

H 

H 

L 

X 

B 

B 


H 

Q 

QB 

X 

B 

B 

X 

L 

L 

H 


DFFRLP 



Q 


SD1 

SE QB 

RB 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) ail units are in ns._ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 1 

FO=0 1 FO=2 1 FO=8 { K(ns/pF) 



■am 

Propagation Delay, 

CKto Q 

0.94 

1.02 

BUyUI 

0.83 

—3M 


1.78 

1.17 1 

■am 

1.05 

1.12 


0.77 


1.60 



■am 

Propagation Delay, 

CK to QB 


1.23 


0.83 

■Bl 

1.75 


1.16 

■aM 


1.17 

1.40 

0.76 




0.91 

MSSU 

Propagation Delay, RB to Q 

0.33 

0.41 

0.64 

||[||QQ^||||| 

0.50 

0.59 

0.87 


■an 

Propagation Delay, RB to QB 

0.44 

0.52 




0.74 


1-16 1 

»r 

[•Jlil'lillisIMAiliifJlHBBBB 

0.18 

0.42 

■KOI 

2.42 



1.60 

Km 

‘f 

nmn-rfiriT— 




1.17 

0.20 


0.77 

Km 

.‘r 



10^31 

1.10 

2.45 




3-45 1 

_tf 





1.18 



bkQI 



■an 

Propagation Delay, 

CKto Q 


HE&H 

1.16 

0.43 

gwcai 

B’gKa 


0.60 

BiaiHi 


■0031 

1.26 

0.40 



MWFM 

0.50 

■an 

Propagation Delay, 

CK to QB 


BEJ3II 

1.43 

0.41 




0.58 

■an 

1.23 

1.27 

1.39 

0.39 



1.93 

0.47 

■an 

Propagation Delay, RB to Q 




0.40 

gilfcM 


0.77 


■an 

Propagation Delay, RB to QB 




0.41 



1.03 

0.58 

tr 

Qutput Rise Time, Q 

MiXUM 

0.31 

KISI 

1.20 

MiiKM 



1.69 

tf 

Qutput Fall Time, Q 

MtVIM 

0.29 


0.56 



giKa 

0.68 

tr 

Qutput Rise Time, QB 

0.17 


0.66 

1.21 

EEI 


iEESI 

1.71 

t( 

Qutput Fall Time, QB 


M»W 

0.38 

0.57 



lEI^I 

0.68 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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MOTOROLA TECHNICAL DATA 


DFFRLP DFFRLPH 


CMOS TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

Minimum Requirement 

Minimum Requirement 

DFFRLP 

Uu 

Set Up Time, D to CK 

0.67 

1.10 


Set Up Time, SDI to CK 

0.70 

1.15 

tsu 

Set Up Time, SE to CK 

0.73 

1.15 

th 

Hold Time, CK to D 

0.11 

0.16 

th 

Hold Time, CK to SDI 

0.05 

0.11 

th 

Hold Time, CK to SE 

0.08 

0.16 

tree 

Recovery Time, RB to CK 

-0.13 

-0.16 

tw 

Pulse Width, CK(L) 

0.67 

1.07 

tw 

Pulse Width, CK(H) 

0.81 

1.18 

‘w 

Pulse Width, RB(L) 

0.62 

0.88 

tw 

Pulse Width, RB(H) 

0.03 

0.04 

DFFRLPH 

tsu 

Set Up Time, D to CK 

0.67 

1.11 

tsu 

Set Up Time, SDI to CK 

0.70 

1.15 

tsu 

Set Up Time, SE to CK 

0.73 

1.15 

th 

Hold Time, CK to D 

0.11 

0.16 

th 

Hold Time, CK to SDI 

0.05 

0.10 

th 

Hold Time, CK to SE 

0.08 

0.16 

tree 

Recovery Time, RB to CK 

-0.13 

-0.16 

tw 

Pulse Width, CK (L) 

0.66 

1.07 

tw 

Pulse Width, CK(H) 

0.93 

1.34 

tw 

Pulse Width, RB(L) 

0.66 

0.93 

tw 

Pulse Width, RB(H) 

0.03 

0.04 


FUNCTIONAL DIAGRAM: DFFRLP 
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DFFRSPHB 


MOTOROLA TECHNICAL DATA 


D Flip Flop with Set and Reset 
2X Drive 

(3.3 V and 5 V Core Voltage) 


MACRO 

EQUIV. GATES 

DFFRSPHB 

10.0 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

DFFRSPHB 

Q,QB/SB,D,CK,RB 


MACRO 

INPUT CAP. 

DFFRSPHB 

CK,D: O.OSpF 
RB,SB: 0.09pF 


FUNCTION TABLE 


D 

CK 

RB 

SB 

Q 

QB 

L 

J- 

H 

H 

L 

H 

H 

J- 

H 

H 

H 

L 

X 

A. 

H 

H 

Q 

QB 

X 

X 

L 

H 

L 

H 

X 

X 

H 

L 

H 

L 

X 

X 

L 

L 

L 

L 


DFFRSPHB 


1 



SB 

— 

D Q 

— 

>.CK 


DFFRSPHB 


QB 


RB 


T 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) ail units are in ns._Rev. 1.07 


Sym 

Parameter 

___ _ i 

3.3 V 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

DFFRSPHB 

tpLH 

Propagation Delay, 

CK toQ 

0.91 

0.96 

1.08 

0.43 

1.27 

1.33 

1.51 

0.60 

tpHL 

1.03 

1.07 

1.19 

0.38 

1.52 

1.57 

1.71 

0.47 

tpLH 

Propagation Delay, 

CK to QB 

1.33 

1.37 

1.50 

0.42 

1.92 

1.98 

2.16 

0.59 


1.24 

1.28 

1.39 

0.37 

1.78 

1.82 

1.96 

0.46 


Propagation Delay, 

RB toQ 




0.43 

QB 

0.73 


0.60 









0.46 

H9I!H 

Propagation Delay, RB to QB 



0.84 

0.43 

1 0.96 

1.02 

anjti 

0.59 

msm 

Propagation Delay, SB to Q 


keei 

1.05 

0.43 


1.35 




Propagation Delay, 

SB to QB 

0.66 

H22i(iSH 

0.83 

0.44 


0.92 

BKM 

0.62 

mssM 

0.38 

keb 

0.52 

0.36 

0.55 

0.59 

0.73 

0.46 

tr 

Output Rise Time, Q 

0.23 

beb 

0.71 

1.20 

0.28 

0.45 

1^3 

1.69 

tf 

Output Fall Time, Q 

M*im 

bbi 

0.43 



0.35 


0.66 

tr 

Output Rise Time, QB 


ksb 


1.19 

EES 



1.69 

tf 

Output Fall Time, QB 

0.21 

0.26 

0.42 

0.52 

1 0.25 

0.32 

0.51 

0.65 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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DFFRSPHB 


MOTOROLA TECHNICAL DATA 


CMOS TIMING REQUIREMENTS (Input Edge Rate t^tpl OOns) 

_ 

Sym Parameter -^— 


Rev. 1.07 


5V 

3.3 V 

Minimum Requirement 

Minimum Requirement 


DFFRSPHB 


fsu 

Set Up Time, D to CK 

0.48 

th 

Hold Time, CK to D 

0.20 

th 

Hold Time, RB to SB 

2.20 

th 

Hold Time, SB to RB 

0.60 

Vec 

Recovery Time, RB to CK 

0.00 

Vec 

Recovery Time, SB to CK 

-0.03 

tw 

Pulse Width, CK(L) 

0.73 

tw 

Pulse Width, CK(H) 

0.98 

tw 

Pulse Width, RB(L) 

0.03 

tw 

Pulse Width, RB(H) 

0.75 

tw 

Pulse Width, SB(L) 

0.78 

tw 

Pulse Width, SB(H) 

0.04 


FUNCTIONAL DIAGRAM: DFFRSPHB 
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DFFRSLPB 


MOTOROLA TECHNICAL DATA 


D Flip Flop with Set and Reset 
Multiplexed (or Scan) Input 1X Drive 
(3.3 V and 5 V Core Voltage) 


FUNCTION TABLE 


D 


m 


m 

i^l 

Q 


L 

X 

L 

J- 

H 

H 

L 

H 

H 

X 

L 

J- 

H 

H 

H 

L 

X 

L 

H 

J- 

H 

H 

L 

H 

X 

H 

H 

s 

H 

H 

H 

L 

X 

X 

D 

A. 

H 

H 

Q 

QB 

X 

X 

B 

X 

L 

H 

L 

H 

X 

X 


X 

H 

L 

H 

L 

X 

X 

X 

X ’ 

L 

L 

L 

L 


MACRO 

EQUIV. GATES 

DFFRSLPB 

14 


MACRO 

OUTPUTS/INPUTS 

DFFRSLPB 

Q,QB/ 

SB,D,CK.SDI,SE,RB 


MACRO 

INPUT CAP. 

DFFRSLPB 

CK.D.SDI: 0.05pF 
RB,SB,SE: O.OOpF 


DFFRSLPB 


SB 

D Q 

>CK 
DFFRSLPB 


SDI 

SE 

RB 


QB 


CMOS SWITCHING CHARACTERISTICS 

(input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

FO=0 

FO=2 




FO=2 

FO=8 

K (ns/pF) 

DFFRSLPB I 

Vlh 

Propagation Delay, 

CK toQ 




1.07 


1.29 


1.51 

tpHL 



MKHM 


1.33 

1.41 

1.62 

0.72 

tpLH 

Propagation Delay, 

CK to QB 

1.13 


■KB 


1.67 

1.82 


1.51 

tpHL 

1.01 

1.07 

1.24 

0.59 

1.51 

1.58 




Propagation Delay, 

RB toQ 



KEB 

1.07 

EEQI 

0.66 


1.51 

■5H 

IQJQII 

0.47 




0.66 


0.71 

tpLH 

Propagation Delay, RB to QB 


BQBB 

1.10 


EIBI 

1.07 

1.52 

1.51 

IQI 



IBEB 

1.30 

1.07 

mm 


1.86 

1.50 


Propagation Delay, 

SB to QB 


IBKsbB 

0.97 

1.07 

1 0.73 

0.88 

1.34 

1.52 


0.41 

0.47 


0.58 


0.64 


0.72 

tr 






0.25 

0.59 

BBI 


tf 



keb 


1.10 

0.24 


0.78 

1.35 

‘r 



KEB 


2.46 

EESi 

0.66 

1.70 

3.46 

'f 

Output Fall Time, QB 

0.16 

0.27 

0.60 



0.36 

0.77 

1.35 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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DFFRSLPB 


MOTOROLA TECHNICAL DATA 


CMOS TIMING REQUIREMENTS (Input Edge Rate tr,tf=1.00ns) Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

Minimum Requirement 

Minimum Requirement 

DFFRSLPB 

tsu 

Set Up Time, D to CK 

1.21 

1.77 

tsu 

Set Up Time, SDI to CK 

1.21 

1.84 

tsu 

Set Up Time, SE to CK 

1.16 

1.77 

th 

Hold Time, CK to D 

0.04 

0.12 

th 

Hold Time, CK to SDI 

-0.01 

0.06 

th 

Hold Time, CK to SE 

-0.11 

-0.11 

th 

Hold Time, RB to SB 

0.47 

0.61 

th 

Hold Time, SB to RB 

0.55 

0.72 

tree 

Recovery Time, RB,SB to CK 

0.01 

0.00 

tw 

Pulse Width, CK(L) 

1.02 

1.44 

tw 

Pulse Width, CK(H) 

0.78 

1.13 

tw 

Pulse Width, RB(L) 

0.78 

1.08 

tw 

Pulse Width, RB,SB(H) 

0.08 

0.10 

tw 

Pulse Width, SB(L) 

0.83 

1.14 


FUNCTIONAL DIAGRAM: DFFRSLPB 
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DFFSCH 


MOTOROLA TECHNICAL DATA 


D Flip Flop with Scan Latch 2X Drive 
(3.3 V and 5 V Core Voitage) 


DFFSCH 


MACRO 

EQUIV. GATES 

DFFSCH 

18 


MACRO 

OUTPUTS/INPUTS 

DFFSCH 

Q.QB.SQ/ 

D.CK.SDI,BCLK,ACLK,EN 


FUNCTIONAL DESCRIPTION; 

This macro consists of a D type Flip Flop with Q feedback 
(hold) capabiUty. tt allows scan data to be muxed into the slave 
stage and contains a separate scan latch for storing scan data 
independent of Q. CK clocks the Flip Flop, BCLK controls latch¬ 
ing scan data into the slave stage and ACLK controls the final 
scan data latch. 

FUNCTION TABLE 


D 

Q 

>CK 

QB 

DFFSCH 

SDI 

SO 

BCLK 


ACLK 


EN 




Output Fall Time, QB 0.31 


Output Rise Time, SO 0.20 


Output Fall Time, SO 0.18 


Capacitance per fanout = 0.05 pF (metal capacitance is not 


0.32 


0.36 


0.44 


0.30 


included). 
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DFFSCH 


MOTOROLA TECHNICAL DATA 

FUNCTIONAL DIAGRAM: DFFSCH 



CMOS TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

Minimum Requirement 

Minimum Requirement 

DFFSCH 

^SU 

Set Up Time, BCLK to ACLK 

1.70 

2.59 

Isu 

Set Up Time, CK to ACLK 

1.84 

2.74 

^su 

Set Up Time, SDI to ACLK 

1.67 

2.50 

Uu 

Set Up Time, SDI to BCLK 

1.33 

1.93 

tsu 

Set Up Time, D to CK 

0.15 

0.34 

tsu 

Set Up Time, EN to CK 

0.43 

0.66 

th 

Hold Time, ACLK to BCLK 

-1.21 

-1.71 

th 

Hold Time, ACLK to CK 

-1.21 

-1.87 

th 

Hold Time, ACLK to SDI 

-1.08 

-1.58 

th 

Hold Time, BCLK to CK 

-1.07 

-1.65 

th 

Hold Time, BCLK to SDI 

0.00 

-0.01 

th 

Hold Time, CKto BCLK 

-1.05 

-1.51 

th 

Hold Time, CK to D 

0.43 

0.57 

th 

Hold Time, CK to EN 

0.23 

0.31 

tree 

Recovery Time, CK to ACLK 

1.97 

2.93 

tree 

Recovery Time, ACLK to CK 

-1.49 

-2.20 

tw 

Pulse Width, ACLK(H) 

0.43 

0.65 

tw 

Pulse Width, BCLK(H) 

1.28 

1.89 

tw 

Pulse Width, CK(L) 

0.59 

0.94 

tw 

Pulse Width, CK(H) 

1.52 

2.20 
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DFFSCAH 


MOTOROLA TECHNICAL DATA 


D Flip Flop Scan Latch with Set 2X Drive DFFSCAH 

(3.3 V and 5 V Core Voitage) 


MACRO 

EQUIV. GATES 

DFFSCAH 

20 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

DFFSCAH 

Q,QB,SQ/ 

D,CK,DS,SDI.BCLK, 

ACLK.ML,EN 


MACRO 

INPUT CAP. 

DFFSCAH 

ACLK,BCLK,CK,EN, 
ML: O.IOpF 
D:0.15pF 

DS: O.OSpF 

SDI: 0.41 pF 


FUNCTIONAL DESCRIPTION: 

This macro consists of a D type Flip Flop with Q feedback (hold) 
. capability. It allows scan data to be muxed into the Master slave or 
the slave stage and contains a separate scan latch for storing scan 
data independent of Q. CK clocks the Flip Flop, BCLK controls 
latching scan data into the slave stage, ML controls latching Scan 
data into the Master slave and ACLK controls the final scan data 
latch. DS is used when latching SDI into the master stage to ignore 
the D or feedback data. ML HIGH while DS Is LOW is illegal. 

FUNCTION TABLE 



EN 

CK 

SDI 

BCLK 

ACLK 

DS 


Q 

QB 

SQ 

Notes I 


X 

L 

D 

B 

B 

a 

III 

Q 

QB 


B 


L 

J~ 

B 

B 

B 

B 

B 

Q 

QB 


B 


H 

J~ 

B 

B 

B 

B 

B 

L 

H 


B 

H 

H 

J- 

n 

B 

B 

n 

B 

H 

L 


B 

X 

X 

L 

X 

L 

H 

L 

L 

Q 

QB 

QB 

4 

X 

X 

L 

L 

H 

L 

L 

L 

H 

L 

SQ 

5 

X 

X 

L 

H 

H 

L 

L 

L 

L 

H 

SQ 

5 

X 

X 

L 

L 

H 

H 

L 

L 

H 

L 

L 

6 

X 

X 

L 

H 

H 

H 

L 

L 

L 

H 

H 

6 

1. No Clock 2. Active Clock, disabled 3. Active Clock,enabled 

4. Scan-out Clock applied 5. Scan-in Clock applied 6. Flush or Ring-oscillate 



D Q 

— 

>CK QB 


DFFSCAH 

— 

DS 


SDI SQ 

— 

BCLK 

B 

ACLK 

B 

ML 

B 

EN 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

_ 5V _] 

3.3 V 


FO=0 1 FO=2 { FO=8 | K(n8/pF) 

DFFSCAH I 

tpLH 

Propagation Delay, 

ACLK to SQ 

0.63 

0.71 

0.96 

0.83 

0.93 

1.04 

1.39 

1.16 

_!phl_ 

0.62 

0.69 

0.92 

0.77 

0.86 

0.96 

1.24 

0.93 

MSKU 

Propagation Delay, 

BCLK to Q 

0.59 



0.24 




0.34 

MS!M 

0.77 

0.81 


0.45 

HOI 

1.21 

keei 

0.60 

MSKM 

Propagation Delay, 

BCLK to QB 

1.06 

1.08 


0.23 



■Ql 

0.32 

MSM 

1.20 

1.24 

1.37 

0.41 

■1^ 


■13 

0.53 

WESKM 

Propagation Delay, 

BCLK to SQ 

1.73 

1.82 

2.06 

0.82 


EQI 


1.16 

WESm 

1.75 

1.83 


0.77 

MEM 



0.93 

tpLH 

Propagation Delay, 

CKtoQ 

0.70 


0.80 

0.24 

■IliBW 

303 

BUM 

0.34 

_?PHL 

0.86 



0.46 


■EH 

■E£| 

0.60 

BB3BBI 


1.15 

1.17 


0.23 



■13 

0.33 

HSIiliB 




0.41 

BEQI 

1.89 

2.05 

0.53 

MSKM 

Propagation Delay, 

CKto SQ 

1.96 




03 

3ESi 

3E3 

1.16 

I_?PHL_ 




0.77 


OEI 

■13 

0.93 

■aw 

Propagation Delay, 

MLtoQ 

0.99 

■ES 


0.25 

03 

■13 

■13 

0.34 

HSHI 

1.21 

laai 

1.39 

0.46 

MEM 

■31 

■13 

0.61 

■am 

Propagation Delay, 

MLtoQB 

1.48 

1.50 



MIM 


Oil 

0.32 

■!9!Hi 

1.63 

1.67 


0.41 

l>JcM 

KflSJi 

2.54 

0.52 

■am 

Propagation Delay, 

ML to SQ 

2.32 



0.82 



03 

1.16 

■am 

2.32 



0.76 

■tIcM 

03 

■31 

0.93 

■am 

Propagation Delay, 

SDI to Q 

0.46 

0.48 

0.56 

0.24 



03 

0.34 

tpHL 

0.65 

0.70 

0.83 

0.45 

KiKM 

■E3 

H>M 

0.60 

tpLH 

Propagation Delay, 

SDI to QB 

1.33 

1.35 

1.42 

0.23 

1.98 

2.01 

2.11 

0.32 

Vhl 

1.51 

1.55 

1.68 

0.41 

2.17 

2.22 

2.38 

0.52 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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DFFSCAH 


MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 1 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

Vlh 

Propagation Delay, 

SDI to SO 

1.59 

1.67 

1.92 

0.83 

2.41 

2.52 

2.87 

1.16 

tpHL 

1.59 

1.66 

1.89 

0.76 

2.27 

2.36 

2.64 

0.93 

tr 

Output Rise Time, Q 

0.28 

0.34 

0.52 

0.58 

0.32 

0.40 

0.64 

0.82 

‘f 

Output Fall Time, Q 

0.40 

0.46 

0.64 

0.59 

0.53 

0.60 

0.82 

0.73 

tr 

Output Rise Time, OB 

0.28 


0.51 

0.56 


IZQI 


0.80 

tf 

Output Fall Time, QB 



0.53 

0.55 


■jEEI 


0.69 

tr 

Output Rise Time, SO 

0.21 


1.18 

2.44 

0.26 

0.60 

1.63 

3.44 

_ k _ 

Output Fall Time, SO 

0.17 


0.64 

1.18 



ElsSI 

1.41 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


CMOS TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

Minimum Requirement 

Minimum Requirement 

DFFSCAH 

^su 

Set Up Time, BCLK to ACLK 

1.74 

2.61 

^su 

Set Up Time, CK to ACLK 

1.74 

2.64 

tsu 

Set Up Time, ML to ACLK 

2.31 

3.38 

tsu 

Set Up Time, SDI to ACLK 

1.72 

2.53 

Uu 

Set Up Time, SDI to BCLK 

0.91 

1.28 

^su 

Set Up Time, D to CK 

0.44 

0.72 

^su 

Set Up Time, DS to CK 

0.85 

1.36 

^su 

Set Up Time, EN to CK 

0.71 

1.08 

tsu 

Set Up Time, ML to CK 

0.94 ■ 

1.34 

tsu 

Set Up Time, SDI to CK 

1.24 

1.76 

tsu 

Set Up Time, CK to DS 

0.68 

-0.08 

tsu 

Set Up Time, D to DS 

0.51 

0.82 


Set Up Time, EN to DS 

0.79 

1.18 

tsu 

Set Up Time, SDI to ML 

1.28 

1.83 

th 

Hold Time, ACLK to BCLK 

-1.12 

-1.60 

th 

Hold Time, ACLK to CK 

-1.12 

-1.69 

th 

Hold Time, ACLK to ML 

-1.64 

-2.38 

th 

Hold Time, ACLK to SDI 

-1.02 

-1.47 

th 

Hold Time, BCLK to CK 

-0.98 

-1.48 

th 

Hold Time, BCLK,CK to SDI 

0.06 

0.08 

th 

Hold Time, CK to BCLK 

-0.95 

-1.40 

th 

Hold Time, CK to D 

0.34 

0.42 

th 

Hold Time, CK to EN 

0.13 

0.17 

th 

Hold Time, CK to ML 

-0.08 

-0.10 

th 

Hold Time, DS to D 

0.23 

0.28 

th 

Hold Time, DS to EN 

0.03 

0.02 

th 

Hold Time, DS to ML 

-0.40 

-0.70 

th 

Hold Time, ML to CK 

0.23 

0.30 

th 

Hold Time, ML to DS 

0.32 

0.45 
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DFFSCAH 


MOTOROLA TECHNICAL DATA 


CMOS TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

Minimum Requirement 

Minimum Requirement 

‘h 

Hold Time, ML to SDI 

0.16 

0.20 

tree 

Recovery Time, CK to ACLK 

1.80 

2.72 


Recovery Time, ACLK to CK 

-1.26 

-1.76 


Recovery Time, ML to CK 

-0.24 

-0.33 


Pulse Width, ACLK(H) 

0.52 

0.79 

tw 

Pulse Width, BCLK(H) 

1.20 

1.75 

tw 

Pulse Width, CK (L) 

0.89 

1.41 

tw 

Pulse Width, CK(H) 

1.32 

1.90 

tw 

Pulse Width, DS(L) 

0.89 

1.34 


Pulse Width, ML(H) 

0.94 

1.37 


FUNCTIONAL DIAGRAM: DFFSCAH 
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DFFSP DFFSPH 


MOTOROLA TECHNICAL DATA 


D Flip Flop Latch with Set 
1X&2X Drive 

(3.3 V and 5 V Core Voitage) 



FUNCTION TABLE 


D 

CK 

SB 

Q 

QB 

L 

7" 

H 

L 

H 

H 

X 

H 

H 

L 

X 

A. 

H 

Q 

QB 

X 

X 

L 

H 

L 


DFFSP 

DFFSPH 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

_ 5V _ 

3.3 V 

FO=0 I FO=2 I FO=8 

K (ns/pF) 1 

FO=0 1 FO=2 1 FO=8 | K (ns/pF) 

DFFSP I 

tpLH 

Propagation Delay, 

CKto Q 

0.82 

0.90 

1.15 

0.83 

1.13 

1.25 

1.60 

1.16 

tpHL 

1.00 

1.08 

1.31 

0.76 

1.43 

1.53 

1.80 

0.93 

Vlh 

Propagation Delay, 

CK to QB 

1.22 

1.30 

1.55 

0.83 

1.73 

1.84 

2.19 

1.16 

_ ^PHL 

1.07 

1.15 

1.38 

0.76 

1.52 

1.61 

1.88 

0.92 

■9H 

Propagation Delay, SB to Q 

0.69 

0.77 


0.82 

beb 



1.16 

MSIM 

Propagation Delay, SB to QB 

kesi 

0.39 


0.76 

eebi 



0.92 

'r 

Output Rise Time, Q 

0.14 


1.12 

2.44 



1.58 

3.45 

‘f 

Output Fall Time, Q 

0.16 

0.27 

0.62 

1.17 



0.78 

1.41 

'r 

Output Rise Time, QB 

■•iim 



2.43 


BtlMi 

1.58 

3.45 

_tf_ 

Output Fall Time, QB 


0.27 


1.17 


■tIcM 

IliWiiii 

1.41 

I DFFSPH I 

M5IM 

Propagation Delay, 

CKto Q 

0.86 

0.90 


0.42 





WES!M 

1.06 

1.10 


0.40 




0.50 

M5KM 

Propagation Delay, 

CK to QB 

1.34 

1.38 

■lBH! 

0.43 

KKiM 



0.60 

WE5!M 

1.18 

1.22 


0.40 




0.49 

Msm 

Propagation Delay, RB to Q 

0.82 

0.86 

0.98 

0.41 

1.17 

1.23 


0.59 

H9I!H 

Propagation Delay, RB to QB 

0.38 

0.42 

0.54 

0.39 

0.55 

0.60 

0.75 

0.49 

tr 

Output Rise Time, Q 

0.19 

0.30 

0.66 


0.27 

0.44 

0.95 

1.70 

.‘f . 

Output Fall Time, Q 

0.19 


0.42 

0.56 

E&3 

beb 


0.68 


Output Rise Time, QB 

0.82 


1.15 

0.83 


beei 

IBEI 

1.68 

tf 

Output Fall Time, QB 

1.00 

1.08 

1.31 

0.76 

1 0.24 

0.31 

0.51 

0.68 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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DFFSP DFFSPH 


MOTOROLA TECHNICAL DATA 


CMOS TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

Minimum Requirement 

Minimum Requirement 

DFFSP 

tsu 

Set Up Time, D to CK 

0.34 

0.58 

th 

Hold Time, CK to D 

0.28 

0.40 

^rec 

Recovery Time, SB to CK 

-0.06 

-0.06 

tw 

Pulse Width, CK(L) 

0.73 

1.13 

‘w 

Pulse Width, CK(H) 

0.86 

1.27 

tw 

Pulse Width, SB(L) 

0.73 

0.98 

tw 

Pulse Width, SB(H) 

0.04 

0.05 

DFFSPH 

Uu 


0.34 

0.58 

th 

Hold Time, CK to D 

0.28 

0.40 

tree 

Recovery Time, SB to CK 

-0.06 

-0.06 

tw 

Pulse Width, CK(L) 

0.72 

1.12 

tw 

Pulse Width, CK(H) 

0.99 

1.44 

tw 

Pulse Width, SB(L) 

0.72 

1.04 

tw 

Pulse Width, SB(H) 

0.04 

0.05 


FUNCTIONAL DIAGRAM: DFFSP 
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DFFSLP DFFSLPH 


MOTOROLA TECHNICAL DATA 


D Flip Flop with Set, DFFSLP 

Multiplexed (or Scan) Input 1X & 2X Drive DFFSLPH 

(3.3 V and 5 V Core Voltage) 



FUNCTION TABLE 




El 

103 

o 

Q 

El 


D 

B 

BB 

B 

D 

H 


B 

B 


B 

D 

L 


B 

B 


B 

n 

H 


B 

B 

^9 

B 

H 

L 


B 

B 

^9 

B 

Q 

QB 


B 

B 

1^1 

B 

H 

L 



CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 1 

FO=0 1 FO=2 1 FO=8 | K(ns/pF) 



WESOM 

Propagation Delay, 

CKto Q 

0.81 

0.90 

1.14 

0.83 

■wa 


IKESI 

1.16 

WESSU 

0.96 

1.04 


0.77 

■ESI 



0.93 

■Sffli 

Propagation Delay, 

CK to QB 

1.17 

1.26 

■Em 

0.83 

1.70 



1.16 

MSM 

1.08 

1.15 

■SEB 

0.76 

1.51 



0.92 

MSBM 

Propagation Delay, SB to Q 

0.69 

0.77 

9E9i 

0.83 

nsi 


1.47 

1.16 

MBEM 

Propagation Delay, SB to QB 

0.32 

0.40 

0.63 

0.76 


MilbrJI 

mmm 

0.92 

‘r 

Output Rise Time, Q 


Bislcun 

fKMI 


lilisl 


MMM 

3.44 

‘f 

Output Fall Time, Q 

■HIM 


BiI;kB 

1.17 

EQI 

ESS 

KUil 

1.41 

•r 





2.43 

osi 

MSEM 


3.44 

tf 


Bsilffl 



1.t7 

ESI 

isss 

■Ml 

1.41 


MSEM 

Propagation Delay, 

CKto Q 


0.92 

1.05 

0.42 

mwk^ 



0.58 

WESM 

1.07 

1.11 


0.40 

1.53 

■EE 


0.50 

MSEM 

Propagation Delay, 

CK to QB 

■iSi 

1.42 


0.43 

1.97 


MMM 


MSSM 



1.39 


1.74 

■■1 

■HiEl 

0.49 

MEim 

Propagation Delay, RB to Q 

0.77 


■iliTcB 

0.42 

■wa 

■KI:M 


0.58 

MSEM 

Propagation Delay, RB to QB 


0.44 

BQS3I 

0.39 


■»na 

■mi 

0.48 

‘r 




0.67 

1.19 


■«ga 


1.70 

'f 

Output Fall Time, Q 




0.56 



■*-81 

0.69 

‘r 

Output Rise Time, QB 

WEI^M 

0.34 


1.18 




1.68 


Output Fall Time, QB 

0.21 

0.27 

0.43 

0.56 



031 

0.68 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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DFFSLP DFFSLPH 



MOTOROLA TECHNICAL DATA 



CMOS TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

Minimum Requirement 

Minimum Requirement 

DFFSLP 


Set Up Time, D to CK 

0.74 

1.23 


Set Up Time, SDI to CK 

0.72 

1.15 

Uu 

Set Up Time, SE to CK 

0.85 

1.35 

'h 


0.05 

0.08 

■DH 

Hold Time, CK to SDI 

0.10 

0.15 

i 'h. 

Hold Time. CKtoSE 

-0.01 

0.01 


Recovery Time, SB to CK 

-0.03 

-0.05 

tw 

Pulse Width, CK(L) 

0.71 

1.11 

tw 

Pulse Width, CK(H) 

0.83 

1.23 

tw 

Pulse Width, SB(L) 

0.63 

0.90 

‘w 

Pulse Width. SB(H) 

0.03 

0.05 

DFFSLPH 

tsu 

Set Up Time, D to CK 

0.85 

1.39 

tsu 

Set Up Time, SDI to CK 

0.81 

1.31 

tsu 

Set Up Time, SE to CK 

0.95 

1.50 

th 

Hold Time, CK to D 

0.01 

0.04 

tfl 

Hold Time, CK to SDI 

0.08 

0.12 

HG9B 

Hold Time, CK to SE 

-0.04 

-0.03 

USSSli 

Recovery Time, SB to CK 

-0.02 

-0.04 

tw 

Pulse Width, CK(L) 

0.74 

1.16 

tw 

Pulse Width, CK(H) 

1.01 

1.47 

tw 

Pulse Width, SB(L) 

0.67 

0.95 

tw 

Pulse Width, SB(H) 

0.03 

0.05 


FUNCTIONAL DIAGRAM: DFFSLP 
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MOTOROLA TECHNICAL DATA 


DFFSRPA 



MACRO 

INPUT CAP. 

DFFSRPA 

CK,D,RB: O.OSpF 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0®C (Nominal) all units are in ns, 

n 5V 

Sym Parameter FO=0 I FO=2 


Propagation Delay, 
CK toQ 


Propagation Delay, 
CK to QB 


Output Rise Time, Q 


Output Fall Time, Q 


Output Rise Time, QB 


Output Fall Time, QB 


Capacitance per fanout = 0.05 pF (metal capacitance is not Included). 


Rev. 1.07 

__ 

FO=0 I FO=2 I FO=8 I K (ns/pF) 



CMOS TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 




Rev. 1.07 
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DFFSRLPA 


MOTOROLA TECHNICAL DATA 


D Flip Flop, Multiplexed (or Scan) Input 
with Synchronous Reset 
(3.3 V and 5 V Core Voltage) 


MACRO 

EQUIV. GATES 

DFFSRLPA 

12 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

DFFSRLPA 

Q.QB/ 

D,CK,SDI,SE,RB 


FUNCTION TABLE 



SOI 

SE 

CK 

RB 

Qn+1 

QBn+1 

D 

L 

■a 

V 

Dl 

L 

H 

D 

mm 

■a 


Dl 

IBB 

L 

n 

Dl 

L 

WBM 

OI 


H 

■a 

■9 

L 


OI 

IBB 

L 

a 

mm 

■a 

mm 


1 L 

H 


MACRO 

INPUT CAP. 

DFFSRLPA 

CK,D.RB,SDI: O.OSpF 
SE: 0.09pF 


DFFSRLPA 



CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. _ Rev. 1.07 


Sym 

Parameter 

5V 




DFFSRLP 1 


Propagation Delay, 

CK toQ 




0.43 

1.10 


■ESI 





1.21 

0.80 

1.23 



0.99 

■aw 

Propagation Delay, 

CK to OB 



1.13 

0.41 

1.32 

KEIsI 


0.59 


1.15 



0.76 


Dil 


0.94 

'r 

Output Rise Time, Q 

0.20 



1.18 




1.67 

tf 

Output Fall Time, Q 


0.44 


1.13 

EEEI 


■Bi 

1.47 

tr 

Output Rise Time, QB 

0.19 


0.65 

1.16 

EElsI 



1.60 

_>L_ 

Output Fall Time, QB 

0.14 



1.27 

IsEEl 

BtlK!;B 


1.49 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


CMOS TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 



Parameter 

5V 

3.3 V 

Minimum Requirement 

Minimum Requirement 

DFFSRLP 

tsu 

Set Up Time, D,RB,SDI to CK 

0.63 

1.01 

tsu 

Set Up Time, SE to CK 

0.61 

1.10 

th 

Hold Time, CK to D 

-0.02 

-0.04 

th 

Hold Time, CK to RB 

0.06 

0.05 

th 

Hold Time, CK to SDI 

0.01 

-0.07 

th 

Hold Time, CK to SE 

0.37 

0.01 

‘w 

Pulse Width, CK(L) 

0.60 

0.69 

tw 

Pulse Width, CK(H) 

0.63 

0.93 
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DFFSSP 


MOTOROLA TECHNICAL DATA 


D Flip Flop with Synchronous Set DFFSSP 

(3.3 V and 5 V Core Voltage) 


MACRO 

EQUIV. GATES 

DFFSSP 

9 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

DFFSSP 

Q,QB / D,CK,S 


FUNCTION TABLE 


D 

CK 

s 

Qn-hl 

QBn+1 

L 

y 

L 

L 

H 

H 

y 

L 

H 

L 

X 

y 

H 

H 

L 

X 

y 

X 

X 

X 


MACRO 

INPUT CAP. 

DFFSSP 

CK,D,S: O.OSpF 



CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) ail units are in ns._ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 1 

FO=0 1 FO=2 1 FO=8 | K(ns/pF) 


DFFSSP 1 

tpLH 

Propagation Delay, 

CKto Q 

0.80 

0.84 

0.97 

0.42 

1.08 

1.14 

1.31 

0.59 

_?PHL_ 

1.06 

1.14 

1.37 

0.76 

1.46 

1.55 

1.83 

0.93 

■am 

Propagation Delay, 

CK to QB 

1.16 

1.20 

»WcVJl 

0.42 

1.60 

1.66 

1.84 

0.58 

MSSIM 

1.10 


1.41 

0.76 




0.91 

tr 

Output Rise Time, Q 




1.21 

1 0.30 

0.46 

0.97 

1.69 

'l 

Output Fall Time, Q 





MM 



1.53 

tr 

Output Rise Time, QB 

0.13 



1.26 

MM 

0.36 

0.87 

1.71 

tf 

Output Fall Time, QB 

0.16 



1.29 

MM 



1.44 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


CMOS TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

Minimum Requirement 

Minimum Requirement 

DFFSSP 

Uu 

Set Up Time, D,S to CK 

0.44 

0.79 

th 

Hold Time, CK to D 

0.20 

0.26 

th 

Hold Time, CK to S 

0.17 

0.24 

tw 

Pulse Width, CK(L) 

0.44 

0.78 

tw 

Pulse Width, CK(H) 

0.62 

0.92 
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DFFSSLP 


MOTOROLA TECHNICAL DATA 


D Flip Flop, Multiplexed (or Scan) Input 
with Synchronous Set 
(3.3 V and 5 V Core Voltage) 


MACRO 

EQUIV. GATES 

DFFSSLP 

12 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

DFFSSLP 

Q,QB/ 

D,CK.SDI.SE.S 


FUNCTION TABLE 


D 

1^1 



sj 

lEDO 


D 


■9 

y 

Bl 

rx: 

H 

D 

■a 

mm 

y 

Bl 

im 

L 

rr 

mm 

L 

y 

L 

rr: 

H 

o 

mm 

L 

mm 

L 

ID 

L 

a 

mm 

L 

mm 

Bl 

D 

L 


MACRO 

INPUT CAP. 

DFFSSLP 

CK.D.S.SDI: 0.05pF 
SE: 0.09pF 


DFFSSLP 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

_5V_ 

3.3 V 


FO=0 1 FO=2 1 FOsS 1 K (ns/pF) 



Propagation Delay, 

CKto Q 



0.98 

0.43 

BUM 

■Ka 

mga 





1.21 

0.80 

BKdai 

Mega 

na 

0.99 

'■Di 

Propagation Delay, 

CKto QB 



1.13 

0.41 

— cOi 

Hcga 

mem 

0.59 

■9B 

1.16 

1.24 

1.47 

0.76 



■HCT 

0.94 

‘r 

Output Rise Time, Q 

MIPiM 



1.15 

EEEI 

■»IH« 


1.67 


Output Fall Time, Q 

keei 

0.44 

0.78 

1.13 


lESI 

mm%ym 

1.47 

‘r 

Output Rise Time, QB 




1.16 


EES 

1.02 

1.60 


Output Fall Time, QB 

0.14 

0.27 


1.30 



EEEI 

1.49 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


7 


CMOS TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

Minimum Requirement 

Minimum Requirement 

DFFSSLP 

tsu 

Set Up Time, D to CK 

0.68 

1.05 

‘su 

Set Up Time, S to CK 

0.68 

1.02 

tsu 

Set Up Time, SDI to CK 

0.61 

1.02 


Set Up Time, SE to CK 

0.61 

1.09 


Hold Time, CK to D 

0.03 

-0.03 

th 

Hold Time, CK to S 

0.07 

0.00 

^h 

Hold Time, CK to SDI 

-0.02 

-0.07 

th 

Hold Time, CK to SE 

0.01 

0.00 


Pulse Width, CK(L) 

0.37 

0.69 

tw 

Pulse Width, CK(H) 

0.61 

0.93 
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MOTOROLA TECHNICAL DATA 


DLY8 


8 Stage Inverter Delay DLY8 

(3.3 V and 5 V Core Voltage) 




CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 



Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


FUNCTIONAL DIAGRAM: DLY8 
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ECOMP4 


MOTOROLA TECHNICAL DATA 


4-Blt Equality Comparator 
(3.3 V and 5 V Core Voltage) 


MACRO 

EQUIV. GATES 

ECOMP4 

16 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

ECOMP4 

AEBO/AO-A3,BO-B3,AEBI 


MACRO 

INPUT CAP. 

ECOMP4 

A0-A3,B0-B3:0.1 IpF 
AEBI: 0.05pF 


FUNCTION TABLE 


Data Words 

AEBI 

AEBO 

> 

II 

CD 

L 

L 

A Not Equal to B 

L 

H 

X 

H 

H 


ECOMP4 


ECOMP4 

AO 

A1 

A2 

A3 

BO 

B1 AEBO 

B2 

B3 

AEBI 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 


FOsO 1 FO=2 1 FOs8 | K (ns/pF) 

ECOMP4 1 

H9RH 

Propagation Delay, 

AO to AEBO 


0J4 

■iliM 


■E3 

aKCTi 


1.16 

■af 




1.15 

■EEl 

aUckB 


1.52 


Propagation Delay, 

A1 to AEBO 

0.64 


0.97 

0.83 


aKiva 

mwsm 

1.16 

■Sim 

0.85 


1.31 

1.15 


aina 

1.87 

1.52 

■an 

Propagation Delay, 

A2 to AEBO 

0.63 

0.71 

0.96 

0.83 


aiiva 


1.16 

■an 

0.80 

0.91 

■moi 

1.15 

■KOI 

■E3 


1.52 

■an 

Propagation Delay, 

A3 to AEBO 

0.60 

0.69 

0.93 

0.83 


Bigu 


1.16 

■an 

0.80 

0.92 

■0^1 

1.15 

■■■ 

■EQI 

1.79 

1.52 

■an 

Propagation Delay, 

AEBI to AEBO 

0.32 

0.41 


0.82 


BilEgi 

0.89 

1.16 

■an 

0.32 

0.43 

0.77 

1.14 

ggga 

aggai 

■EQI 

1.51 

■aiw 

Propagation Delay, 

BO to AEBO 



1.20 

0.83 

1.29 

ain»a 

ama 

1.15 


■0031 


1.49 

1.15 

1.49 

■K2I 

BEI 

1.52 

■aisi 

Propagation Delay, 

B1 to AEBO 

0.85 

0.93 


0.83 

aw 

aitM 

1.71 

1.16 

■an 

1.03 

1.15 


1.15 

■Bl 


2.12 

1.51 

■an 

Propagation Delay, 

B2 to AEBO 

0.87 



0.83 

ai>>a 

awcisB 


1.16 

■an 


If 


1.15 

aiE>a 

aiEai 


1.52 

■aifli 

Propagation Delay, 

B3 to AEBO 

0.82 

MilEIil 

■KOI 

0.83 

aikka 

■E3 


1.16 

■an 

1.01 

1.13 


1.14 

■E3 

aKiM 

2.07 

1.52 

‘r 

Output Rise Time, AEBO 

0.22 

0.47 


2.45 



1.65 

3.46 

_!l_ 

Output Fall Time, AEBO 

0.21 

0.41 

1.01 

1.99 



1.32 

2.56 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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EXNORA 

MOTOROLA TECHNICAL DATA 


2-Input Exclusive NOR Gate EXNORA 

IX Drive With Unbuffered Input 
(3.3 V and 5 V Core Voltage) 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 



Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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EXNOR3H 


MOTOROLA TECHNICAL DATA 


3-Input Exclusive NOR Gate, 2X Drive EXNOR3H 

(3.3 V and 5 V Core Voitage) 


MACRO 

EQUIV. GATES 

EXNOR3H 

8 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

EXNOR3H 

X/A-C 


MACRO 

INPUT CAP. 

EXNOR3H 

A,B: 0.12pF 

C: 0.05pF 


FUNCTION TABLE 


A 

B 

C 

X 

L 

L 

L 

H 

L 

L 

H 

L 

L 

H 

L 

L 

L 

H 

H 

H 

H 

L 

L 

L 

H 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 


EXNOR3H 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5V 

1 3.3 V 1 

FO=0 1 FO=2 { FO=8 | K(ns/pF) 

1 FO=0 

FO=2 1 FO=8 1 K (ns/pF) | 

EXNOR3H 1 

Vlh 

Propagation Delay, 

AtoX 

0.40 

0.45 

0.57 

0.43 

0.54 

0.60 

0.78 

0.60 

Vhl 

0.47 

0.52 

0.67 

0.49 

0.73 

0.79 

0.99 

0.65 

tpLH 

Propagation Delay, 

BtoX 

0.82 

0.86 

0.99 

0.42 

1.19 

1.25 

1.43 

0.60 

tpHL 

0.86 

0.90 

1.03 

0.44 

1.30 

1.36 

1.52 

0.56 

tpLH 

Propagation Delay, 

CtoX 

1.02 

1.06 

1.19 

0.43 

1.46 

1.52 

1.70 

0.60 

tpHL 

1.02 

1.07 

1.20 

0.44 

1.52 

1.58 

1.74 

0.56 

‘r 

Output Rise Time, X 

0.18 

0.30 

0.66 

1.20 

0.22 

0.39 

0.89 

1.68 

tf 

Output Fall Time, X 

0.25 

0.31 

0.50 

0.63 

0.35 

0.43 

0.67 

0.80 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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MOTOROLA TECHNICAL DATA 


EXORA 


2-lnput Exclusive OR Gate 
1X Drive With Unbuffered Input 
(3.3 V and 5 V Core Voltage) 


FUNCTION TABLE 


A 

B 

X 

L 

L 

L 

L 

H 

H 

H 

L 

H 

H 

H 

L 



EXORA 


EXORA 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) ali units are in ns._ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 


FO::0 1 FO=2 1 FO=8 | K (ns/pF) 




0.40 

0.48 


0.83 

iftlbVil 


1.04 

1.16 

■SM 


0.45 

0.68 

0.78 


EEQI 


0.94 

■aw 

Propagation Delay, 

BtoX 


0.48 

0.73 

0.83 



1.01 

1.16 



0.53 

0.77 

0.78 



BOS 

0.95 

tr 

Output Rise Time, X 

0.17 


1.14 

2.43 



1.60 

3.46 

tf 

Output Fall Time, X 



0.69 

1.16 


TOM 


1.41 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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EXOR3H 


MOTOROLA TECHNICAL DATA 


3-Input Exclusive OR Gate, 2X Drive EXOR3H 

(3.3 V and 5 V Core Voltage) 


FUNCTION TABLE 


A 

B 

C 

X 

L 

L 

L 

L 

L 

L 

H 

H 

L 

H 

L 

H 

L 

H 


L 

H 

L 


H 

H 

L 


L 

H 

H 

II 

L 

H 

H 


H 


MACRO 

EQUIV. GATES 

EXOR3H 

8 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

EXOR3H 

X/A-C 


MACRO 

INPUT CAP. 

EXOR3H 

A,B: 0.1 IpF 

C: 0.05pF 


EXOR3H 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5V 

1 3.3 V 1 


1 FO=0 

FO=2 1 FO=8 1 K(ns/pF) | 


mni 






1 0.60 

0.67 

0.86 

0.63 


iitlM 



0.43 

Em 

0.74 

0.90 

0.55 

Vlh 

Propagation Delay, 

BtoX 




0.43 


1.26 

1.44 

0.60 

tpHL 




0.44 

MM 

mwsm 

Mm 

0.56 

_Iplh 

Propagation Delay, 

CtoX 





1-47 


mem 

0.59 


WEE3M 

1.06 

1.19 

0.44 

MEM 


1.73 

0.56 

‘r 

Output Rise Time, X 

KIEI 

0.31 


1.20 



eeei 

1.68 

tf 

Output Fall Time, X 

KSI 

0.29 


0.58 



EI^I 

0.71 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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EXOR4H 


MOTOROLA TECHNICAL DATA 


4-Input Exclusive OR Gate, 2X Drive EXOR4H 

(3.3 V and 5 V Core Voltage) 


MACRO 

EQUIV. GATES 

EXOR4H 

10 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

EXOR4H 

X/A-D 


MACRO 

INPUT CAP. 

EXOR4H 

A, C: 0.1 IpF 

B. D; 0.05pF 


FUNCTION TABLE 


Number of Inputs A through D 
that are HIGH 

X 

0,2.4 

L 

1.3 

H 


EXOR4H 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. _ Rev. 1.07 



Parameter 

5V 

3.3 V 

FO=0 I FOs2 I FO=8 | K(ns/pF) 

FO=0 1 FO=2 1 FO=8 | K(ns/pF) 

EXOR4H I 

_Vlh 

Propagation Delay, 

AtoX 

0.76 

0.81 


0.43 


KKSm 

1.39 

0.59 

■9!iai 


0.95 

1.10 

0.50 


■ESI 

1.67 

0.65 

MSKU 

Propagation Delay, 

BtoX 

0.89 

0.93 


0.42 



BESi 

0.59 

H9!Hi 

1.01 

1.06 

MW 

0.50 




0.65 

H'sfIM 

Propagation Delay, 

CtoX 


0.79 

0.93 

0.45 

TiM 


1.30 

0.63 

mssm 

IQQII 

0.82 


0.52 


— 

1.47 

0.70 

■]3m 

Propagation Delay, 

DtoX 

0.84 

0.88 

1.02 

0.45 

BEEI 

■eei 


0.63 


0.89 

0.94 

1.10 

0.52 

awcTia 

MRa 


0.71 

»r 

Output Rise Time, X 

0.26 

0.38 


1.18 

0-31 

0.48 

0.98 

1.69 

tf 

Output Fall Time, X 


0.48 

0.67 

0.61 



aiiiiia 

0.77 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


FUNCTIONAL DIAGRAM: EXOR4H 



H4CPIUS Series Design Reference Guide 


MOTOROLA 

7-263 
















































INC4H 



MOTOROLA TECHNICAL DATA 


4-Bit Incrementer, 2X Drive INC4H 

(3.3 V and 5 V Core Voltage) 



FUNCTION TABLE 


A0-A3 

Cl 

S0-S3 

CO 

PR 

H(AII) 

L 

H(A11) 

L 

H 

H(Ali) 

H 

L(AII) 

H 

H 

X(AII)‘ 

L 

(A0-A3) 

L 

L 

X(AII)* 

H 

(A0-A3)+1 

L 

L 


NOTE: AO,SO = LSB, A3,S3 = MSB 
* Indicates don’t care for all states except H(AII) 



AO 

SO 


A1 

S1 

— 

A2 

S2 


A3 

S3 



INC4H 

— 

C1 

CO 



PR 


CMOS SWITCHING CHARACTERISTICS 

(input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 1 

F0=0 I FO=2 I FO=8 | K(ns/pF) 




Propagation Delay, 

AO to CO 

0.98 


1.15 

0.42 

wnam 

■ESI 



■9!Hi 

0.56 


0.72 

0.39 



wmm 

0.48 

■am 

Propagation Delay, 

AO to PR 

0.69 

■02H 

KllSli 

0.44 

0.88 

0.95 


0.64 

WEsm 

0.34 

TilWiM 

KEEII 

0.40 


0.58 


0.48 

mSKU 

Propagation Delay, AO to SO & A1 
to S1 & A2 to S2 & A3 to S3 

0.40 


0.57 

0.42 

0.53 

0.59 

WBM 

0.60 

H3!fiH 


MPlgnM 


0.44 

■^1 


0.87 

0.55 

msm 

Propagation Delay, 

AO to SI &A1 toS2 

0.93 


1.10 

0.43 


■qEB 


0.60 

WESsm 

0.88 

0.93 

1.06 

0.45 

■ESI 

1.40 

■^1 

057 

WESKU 

Propagation Delay, 

AO to S2 


1.37 

1.49 

0.43 


1.89 


0.60 


■0031 

■DfsOB 


0.45 

■KM 

1.95 


0.57 

■HIM 

Propagation Delay, 

AO to S3 

MKiM 

■D^H 


0.42 


2.30 

2.48 

0.59 

B39!IVii 

1.51 



0.44 


2.32 

mmm 

0.55 

■m 

Propagation Delay, 

A1 to CO 

1.00 

1.05 

1.17 

0.42 

■ESI 

1.39 


0.59 

— 

0.62 

0.66 

0.78 

0.39 


1.01 

mwim 

0.47 


Propagation Delay, 

A1 to PR 

0.72 

0.76 

0.90 

0.44 

BiMil 

1.01 

mw:m 


■am 

0.40 

0.44 

0.56 

0.40 

0-61 

0.66 


0.49 

■mi 

Propagation Delay, 

At to S3 

1.22 

■K^H 

1.39 

0.42 


1.35 


0.60 

I_?PHL 

1.14 

■KOI 

1.32 

0.44 

1-36 

1.42 


0.57 

MSKM 

Propagation Delay, 

A2 to CO 

1.05 


1.22 

0.42 


1.75 

■EEl 

0.60 

WESM 

0.69 

0.73 


0.39 


1.78 


0.55 

MStM 

Propagation Delay, 

A2 to PR 

0.76 

0.80 

0.93 

0.44 


1.48 


0.59 

MSM 

0.47 

0.51 

0.63 

0.40 

—gg 

1.09 


0.48 

H9I!H 


0.83 

0.87 

1.00 

0.42 


1.09 


0.64 

■S!!W 

0.76 

0.81 

0.94 

0.44 

MilOT 

0.76 

EEQI 

0.50 

H9IM 

Propagation Delay, 

A3 to CO 

1.02 

1.06 


0.42 


IBiM 


0.60 

WESM 

0.73 

0.77 


0.39 


WKKIM 


0.55 

WBSM 

Propagation Delay, 

A3 to PR 

0.73 

0.77 

■iBTiM 

0.44 

ggf 

1.46 

■r;M 

0.59 

WESM 

0.52 



0.41 


1.14 

mwm 

0.48 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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MOTOROLA TECHNICAL DATA 


INC4H 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. _ Rev. 1.07 


Sym 

Parameter 

5V J 

3.3 V 1 





FO=0 

FO=2 

FO=8 

K(ns/pF) 






0.42 

mem 

1.08 

MWSrM 

0.64 

H!9!liB 


loom 

0.53 

0.39 

0.75 

bzei 

0.95 


mn 


TiI3M 


0.74 

0.42 




0.59 

MS!M 

0.61 


0.79 

0.45 

0.53 

0.58 


0.48 

■9m 


0.91 

0.95 

1.08 

0.43 

EIQI 


0.99 

0.60 

■9m 

0.96 

1.00 

1.14 


EEO 


1.14 

0.57 

■9m 


IDEQi 

1.36 

MW 

0.42 

tBESM 

■QgQi 

wgiia 

0.60 

■9m 


1.38 


0.45 

BQQI 


1.64 

||[|||g^||| 

■9m 



1.63 


0.42 

1.80 

1.86 

wm 

0.61 

■9m 

1.59 

1.63 

1.76 

0.44 




0.57 

<r 


0.15 

0.27 

0.63 

1.21 

Biina 



1.70 

tf 





0.58 

1 0.20 

0.27 

0.48 


‘r 

Output Rise Time, PR 




1.19 

ItgM 

0.59 

Ulil 

1.69 

tf 

Output Fall Time, PR 

0.26 

0.32 


0.58 

EE3I 

■mcBM 

0.60 

0.70 

tr 




aratiiai 

1.20 

1 0.24 

■ZiB 

0.91 


- 

Output Fall Time, SO 

0.28 


0.52 

0.60 

■mtB» 

0.46 

Id^SI 

0.71 

tr 

Output Rise Time, S1 ,S2 


0.33 

0.69 

1.20 


0.41 


1.68 

tf 

Output Fall Time, S1 ,S2 

0.29 

0.35 

0.53 

0.60 

1 0.39 

0.46 

0.68 

0.71 

tr 

Output Rise Time, S3 

0.17 

0.29 

0.65 

1.20 

■jSZI 

0.39 


1.70 

_?i_ 

Output Fall Time, S3 

0.22 

0.28 

0.46 

0.60 

1 0.31 

0.38 

0.59 

0.72 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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INV INVB 


MOTOROLA TECHNICAL DATA 


Inverter, 1X Drive INV 

(3.3 V and 5 V Core Voltage) INVB 



FUNCTION TABLE 


A 

X 

L 

H 

H 

L 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. _ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

FO=0 1 FOs2 1 FO=8 |K(ns/pF) 

FO=0 1 FO=2 1 FO=8 | K (ns/pF) 

_•NV_1 

iM-MM 

Propagation Delay, 

AtoX 




0.82 

Em 



1.15 

iH9IH 

0.22 




Emi 


HEM 

0.91 

‘r 

Output Rise Time, X 

0.16 



2.42 

0-19 

0.53 

1.56 

3.44 

!l 

Output Fall Time, X 

0.16 



1.15 

OBI 

Oil 


1.41 

INVB 1 

13M 

Propagation Delay, 

AtoX 

0.06 


0.22 

0.42 

Olsl 

EIQI 

03 

0.58 

H!9fH 

0.27 

■ilsEi 

0.57 

0.75 


0.41 

0.68 

0.91 

tr 

Output Rise Time, X 

0.17 

0.29 

0.64 

1.16 

renal 

recgn 


1.68 

.t|.. . 

Output Fall Time, X 

0.16 

0.28 


1.15 

OBI 

OBI 

n»w 

1.41 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


FUNCTIONAL DIAGRAM: INV 

Vdd 


FUNCTIONAL DIAGRAM: INVB 

Vdd 
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INV2 INV2B 

MOTOROLA TECHNICAL DATA 


Inverter, 2X Drive iNV2 

(3.3 V and 5 V Core Voltage) INV2B 




CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 
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Capacitance per fanout = 0.05 pF (metai capacitance is not included). 


FUNCTIONAL DIAGRAM: INV4 


Vdd 



FUNCTIONAL DIAGRAM: INV4B 

Vdd 
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MOTOROLA TECHNICAL DATA 


INV8 1NV8B 


Inverter, 8X Drive 

(3.3 V and 5 V Core Voltage) 


INV8 

INV8B 


MACRO 

EQUIV. GATES 

INV8 

4 

INV8B 

8 


FUNCTION TABLE 


MACRO 

OUTPUTS/INPUTS 

All 

XIA 



MACRO 

INPUT CAP. 

INV8 

A: 0.37pF 

INV8B 

A: 0.57pF 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 

rz I : ^ I 5v 


Rev. 1.07 




I FO=0 

1 FO=2 

IFO^ 

INV8 

Propagation Delay, 

0.09 

1 0.10 


AtoX 

0.14 

msm 

KiOi 

Output Rise Time, X 

0.17 

1 0.20 


Output Fall Time, X 

0.17 



FO=8 I K (ns/pF) I FO=0 I FO=2l FO=8 I K (ns/pF) 


Ujjjgg 




Propagation Delay, 

-0.01 

0.00 


AtoX 

0.23 

0.24 


Output Rise Time, X 




Output Fall Time, X 


1 0.20 




Capacitance per fanout = 0.05 pF (metal capacitance is not included). 

FUNCTIONAL DIAGRAM: INV8 

vdd 



FUNCTIONAL DIAGRAM: INV8B 
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INVTINVTH 


MOTOROLA TECHNICAL DATA 


Invertering 3-state Buffer, INVT 

Active Low Enable 1X & 2X Drive iNVTH 

(3.3 V and 5 V Core Voltage) 


MACRO 

EQUIV. GATES 

INVT 

2 

INVTH 

3 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

DB/D.ENB 


MACRO 

INPUT CAP. 

INVT 

D: 0.05pF 

ENB: 0.07pF 

INVTH 

D,ENB: 0.09pF 


MACRO 

OUTPUT CAP. 

INVT 

DB: O.OepF 

INVTH 

DB: O.llpF 


FUNCTION TABLE 


D 

ENB 

DB 

L 

L 

H 

H 

L 

L 

X 

H 

Z 


FUNCTIONAL DIAGRAM: INVTH 

VdD 




ENB 

FUNCTIONAL DIAGRAM: INVT 

VdD 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

FO=0 1 ro=2 1 FO=8 1 K(ns/pF) 

FO=0 1 FO=2 1 FO=8 | K(ns/pF) 

j INVT 1 

H9ISH 


0.15 

0.31 

0.79 

1.60 

0.20 

0.44 

1.14 

2.36 


0.24 

0.35 

0.69 

1.14 

0.31 

0.46 

0.91 

1.50 

tpLZ 

Propagation Delay, 

ENB to DB 

0.26 

0.26 

0.26 

0.00 

0.34 

0.34 

0.34 

0.00 

_Ipzl_ 

0.68 

0.79 

1.13 

1.14 

0.80 

0.95 

1.40 

1.50 

WESM 

Propagation Delay, 

ENB to DB 

0.38 

0.54 

1.02 

1.61 

0.48 

0.72 

1.43 

2.36 

msm 

0.44 

0.44 

0.44 

0.00 

0.50 

0.50 

0.50 

0.00 

tr 


0.24 

0.73 

2.19 

4.86 

0.33 

1.03 

3.13 

7.00 

_?f_ 

Output Fall Time, DB 

0.19 

0.38 

0.97 

1.95 

0.21 

0.46 

1.21 

2.52 

1 INVTH 1 

■9RM 

Propagation Delay, 

DtoDB 

0.17 

0.25 

0.49 

0.80 

0.22 

0.34 

0.69 

1.18 

MSM 

0.23 

0.29 

0.46 

0.57 

0.31 

0.38 

0.61 

0.75 

HSQI 

Propagation Delay, 

ENB to DB 

0.31 

0.31 

0.31 

0.00 

0.40 

0.40 

0.40 

0.00 

MSM 

0.73 

0.79 

0.96 

0.57 

0.85 

0.92 

1.15 

0.76 

■SRM 

Propagation Delay, 

ENB to DB 

0.41 

0.49 

0.73 

0.81 

0.52 

0.64 

1.00 

1.18 

MSM 

0.45 

0.45 

0.45 

0.00 

0.53 

0.53 

0.53 

0.00 

'r 

Output Rise Time, DB 

0,29 

0.53 

1.25 

2.41 

0.37 

0.72 

1.77 

3.49 


Output Fall Time, DB 

0.22 

0.32 

0.60 

0.94 

0.23 

0.35 

0.72 

1.23 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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INVTP INVTPH 


MOTOROLA TECHNICAL DATA 


Invertering 3-state Buffer, 

Active HIGH Enable 1X & 2X Drive 
(3.3 V and 5 V Core Voltage) 


MACRO 

EQUIV. GATES 

INVTP 

3 

INVTPH 

4 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

X/A,EN 


MACRO 

INPUT CAP. 

INVTP 

A; 0.05pF 

EN: 0.07pF 

INVTPH 

A: 0.05pF 

EN: 0.09pF 


MACRO 

OUTPUT CAP. 

INVTP 

X: O.OepF 

INVTPH 

X: 0.12pF 


FUNCTION TABLE 


A 

EN 

X 

L 

H 

H 

H 

H 

L 

X 

L 

Z 


FUNCTIONAL DIAGRAM: INVTPH 

VdD 



INVTP 

INVTPH 



FUNCTIONAL DIAGRAM: INVTP 

VPD 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. _ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

FO=0 1 FO=2 1 FO=8 | K (ns/pF) 

FO=0 1 FO=2 1 FO=8 | K (ns/pF) 

INVTP 1 

¥lh 

Propagation Delay, 

AtoX 

0.48 

0.52 

0.65 

0.43 


0.71 


0.59 

tpHL 

0.51 

0.62 

0.96 

1.14 


wmm 


1.49 

tpLZ 

Propagation Delay, 

EN toX 

0.32 

0.31 

0.31 

0.00 




0.00 

_feZL_ 

0.42 

0.53 

0.86 

1.10 


0.64 

1.07 

1.46 

M-SilM 

Propagation Delay, 

EN toX 

0.60 

0.64 

0.77 

0.43 

EE3 

0.77 


0.59 





0.00 





tr 


0.12 



1.20 

EBS 


EESI 

1.70 

_t,_ 

Output Fall Time, X 

0.14 

0.34 

0.93 

1.99 

0.20 

0.45 

1.21 

2.54 

INVTPH 1 

MSKM 

Propagation Delay, 

AtoX 



0.60 

0.23 

e&qi 

ESI 

eeei 

0.32 


0.57 


0.79 

0.56 

ES3 

eesi 

■E3 

0.74 

msm 

Propagation Delay, 

EN toX 


0.29 

0.29 


0.34 

0.34 

0.34 

0.00 

■sm 

0.40 

0.46 

0.63 

0.56 

eesi 

E^l 


0.74 

■ssn 


0.63 

0.65 

0.72 

0.23 

0.75 

0.78 

0.88 

0.32 


0.60 

0.60 

0.60 

0.00 


EUil 


0.00 

»r 


0.17 


0.40 

0.58 


■»Kbil 


0.83 

tf 

Output Fall Time, X 

0.20 

0.30 

0.59 

0.96 

1 0.24 

0.36 

0.74 

1.24 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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INVX 


MOTOROLA TECHNICAL DATA 


Inverted Buffer, High Drive 
(Use Output Buffer From i/0 Site) 
(3.3 V and 5 V Core Voitage) 



FUNCTION TABLE 


A 

X 

L 

H 

H 

L 


iNVX 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) alt units are in ns. ___ Rev. 1.07 


Sym 

Parameter 

5V 

3.3V 1 

FO=0 1 FOx2 1 FO=8 | K(n8/pF) 

l22j||22Sil£5il 

K(n8/pF) 

INVX I 

H31!H 

Propagation Delay, 

A to X 

0.33 

0.34 

0.35 

0.05 

■aEM 



0.07 

MSBM 

0.44 

0.45 

0.47 

0.07 

0.58 

0.58 

0.61 

0.09 

tr 



0.11 

0.14 

0.10 


ISKQI 


0.12 

t| 

Output Fall Time, X 

0,20 

0,21 

0.23 

0.08 


0.21 

0.24 

0.10 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


FUNCTIONAL DIAGRAM: INVX 

Vdd Vqd Vqo 
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MOTOROLA TECHNICAL DATA 


4-Bit Look Ahead Carry Generator 
(3.3V and 5V Core Voltage) 


LACG4 


MACRO 

EQUIV. GATES 

■EMI 

32 

Rev. 1.07 

MACRO 

OUTPUTS/INPUTS 


CNX-CNZ,CO,PR,GE / 
CI.P0,G0,P1 ,G 1 ,P2,G2,P3,G3 


_ FUNCTION TABLE _ 

PROPAGATE ( PROPAGATE THE CARRY BIT) 


GENERATE (GENERATE A CARRY BIT) 

GE = (P1*P2*P3*G0) + (P2*P3*G1) + (P3*G2) + G3 


CNX = CARRY FOR FIRST STAGE 
CNX = (P0*CI) + GO 


CNY = CARRY FOR SECOND STAGE 
CNY = (P0*P1*CI) + (P1 *G0) + G1 






■nUcjl 

0.83 




1.14 



0.85 

0.83 



0.96 

1.54 

1 0.62 

0.71 

0.96 

0.85 


Propagation Delay, 
Cl to CNX 


Propagation Delay, 
Cl to CNY 


Propagation Delay, 
Cl to CNZ 


Propagation Delay, 
Cl to CO 


Propagation Delay, 
GO to CNX 


Propagation Delay, 
GO to CNY 


Propagation Delay, 
GO to CNZ 


Propagation Delay, 
GO to CO 


Propagation Delay, 
GO to GE 


Propagation Delay, 
G1 to CNY 


Propagation Delay, 
G1 to CNZ 


Propagation Delay, 
G1 to CO 


Propagation Delay, 
G1 to GE 


Propagation Delay, 
G2 to CNZ 


Propagation Delay, 
G2 to CO 


Propagation Delay, 
G2 to GE 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 



0.99 

1.03 

0.97 

1.03 

0.98 

1.06 

0.95 

1.03 

0.41 

0.49 

0.49 

0.68 

0.94 

0.98 

IHEQI 

1.07 

IMiliM 

0.99 

^■00 1 

1.08 
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LACG4 


MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0oC (Nominal) all units are in ns. 



Propagation Delay, 
P2 to CO 


Propagation Delay, 
P2 to GE 


Propagation Delay, 
P2 to PR 


Propagation Delay, 
P3 to CO 


Propagation Delay, 
P3 to GE 


Propagation Delay, 
P3 to PR 


Output Rise Time, CNX 


Output Fall Time, CNX 


Output Rise Time, CNY 


Output Fall Time, CNY 


Output Rise Time, CNZ 


Output Fall Time, CNZ 


Output Rise Time, CO 


Output Fall Time, CO 


Output Rise Time, GE 




0.30 


Output Fall Time, PR _ | 0.23 | 0.34 | 0.69 

Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


0.28 0.42 0.85 
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LAIN LATNH 


MOTOROLA TECHNICAL DATA 


D-Type Latch, Negative Gate Latched 
1x&2x Drive 

(3.3V and 5V Core Voltage) 



FUNCTION TABLE 



wm\ 

Q 

m 

D 


L 

H 

D 


H 

L 

mm 


Q 

QB 


LATN 

LATNH 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5V I 

3.3 V 1 

FO=0 I FO=2 I FO=:8 





LATN { 


Propagation Delay, 

DtoQ 



0.86 

0.83 

BOB 


1.18 

1.16 




0.88 

0.80 

0.83 

0.93 

1.23 

0.99 

■sn 

Propagation Delay, 

Dto QB 



1.03 

0.83 




1.16 

■Sffll 


0.83 

1.06 

0.77 


1.14 

1.41 

0.93 

WB5KM 

Propagation Delay, 

GtoQ 

BSISI 

0.75 

1.00 




1.40 

1.17 

— 


HOB 

1.03 

0.80 

HEl 

HEl 


0.98 

HBifli 

Propagation Delay, 

GtoQB 

TtI:M 


1.19 

0.83 


—egJ 


1.16 



0.97 

1.20 



■EB 

MiM 

0.92 

tr 

Output Rise Time, Q 


heb 

1.14 

2.42 

MiKkm 


1.61 

3.43 

tf 

Output Fall Time, Q 


bees 

0.71 

1.17 


BEHI 


1.40 

tr 

Output Rise Time, QB 

0.14 

0.38 

bdb 

2.44 

1 0.20 

0.55 

1.58 


_t,_ 

Output Fall Time, QB 

0.15 

0.26 

■tiRgB 

1.17 




_L40_ 1 

LATNH I 


Propagation Delay, 

D to Q 

0.56 

0.60 

0.73 

0.43 

1 0-75 

0.81 

0.99 

0.60 

KM 

0.58 

0.62 

0.76 

0.46 



1.08 

0.59 

m-Aim 

Propagation Delay, 

DtoQB 

0.83 

0.87 

1.00 

0.42 


mmum 

1.43 

0.59 

HsillH 


0.91 

1.03 

0.40 


mwzm 

1.39 

0.50 

KK 

Propagation Delay, 

G to Q 

0.68 

0.73 

0.86 

0.43 

1 0.96 

1.02 

1.20 

0.61 

msm 


0.76 

0.90 

0.45 


1.12 

1.29 

0.59 

HffiH 

Propagation Delay, 

G to QB 


■BB 

1.13 

0.42 

■EUI 

■ESI 


0.59 

mssm 


■esb 

1.16 

0.39 

■EH 

■EB 

jgESM 

0.50 

tr 

Output Rise Time, Q 


■BB 

BdsliB 

1.19 

■Baa 

BEB 



tf 

Output Fall Time, Q 


iKEB 





iksisfl 

0.73 

tr 

Output Rise Time, QB 


0.28 


1.19 


Imukm 

|gl;M 

1.69 

tf 

Output Fall Time, QB 

0.21 

0.27 

0.44 

0.56 

1 0.24 

0.31 

0.52 

0.68 


Capacitance per fanout = 0.05 pF (metal capacitance is not inciuded). 
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MOTOROLA TECHNICAL DATA 


LAIN LATNH 


CMOS TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 
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LATP LATPH 


MOTOROLA TECHNICAL DATA 


D-Type Latch, Positive Gate Latched 
1x &2x Drive 

(3.3V and 5V Core Voltage) 


FUNCTION TABLE 


D 

GB 

Q 

QB 

L 

L 

L 

H 

H 

L 

H 

L 

X 

H 

Q 

QB 



LATP 

LATPH 


D Q 

GB 

LAIN 


QB 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are In ns. _ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

FO=0 { FO=2 I FO=8 | K(ns/pF) 

FO=0 1 FO=2 1 FO=8 | K (ns/pF) 

LATP I 

HSIIH 

Propagation Delay, 

DtoQ 



0.87 

0.83 




1.16 

Msm 



0.89 

0.80 




0.99 

MSKU 

Propagation Delay, 

DtoQB 

Mtikim 

0.81 

1.05 

0.83 

■EH 

—Hi 

1^ 

1.16 

— 

0.78 

0.86 

1.09 

0.77 

BEEI 

1.17 

■Eia 

0.93 


Propagation Delay, 

GBtoQ 

0.60 

0.69 

0.94 

0.83 

EEEI 


mmm 

1.17 


0.71 



0.80 


MKEM 

1.44 

0.99 

H9iH 


0.86 



0.83 

1.24 

IDESli 

mwim 

1.16 

■3M 

0.84 

0.91 

1.15 

0.77 

1.19 

■^1 


0.93 

tr 

Output Rise Time, Q 



1.14 

2.43 


JE^ 

mwm 

3.43 

tf 

Output Fall Time, Q 


KE19 

0.72 

1.16 

0.38 

0.52 

0.94 

1.40 

‘r 

Output Rise Time, QB 

0.14 

0.39 

1.12 

2.44 




3.44 

tf 





1.17 



Bilkisli 

1.40 


KHBBI 

Propagation Delay, 

D to Q 




0.43 

0.76 

0.82 

1.00 

0.60 

H!9!H 




0.46 

0.86 

0.92 

1.10 

0.59 

MSKM 


0.84 


1.01 

0.42 



row 

0.59 

KM 




0.41 

MW>M 


row 

0.50 

Vlh 

Propagation Delay, 

QBtoQ 

0.64 



0.43 


li£EI 

row 

0.61 

_WlL 

0.71 



0.45 


1.10 

MEW 

0.59 

Kffli 


0.97 



0.42 


eem 


0.59 

KM 




0.41 




0.50 

_ t. 

Output Rise Time, Q 

0.19 

0.31 

0.67 

1.20 


row 

eeh 

1.68 

tf 

Output Fall Time, Q 

0.27 


0.51 

0.59 

1 0.39 

0.46 


0.72 

tr 

Output Rise Time, QB 

0.17 


0.64 

1.18 

EE9 

row 

|i^i| 

1.69 

tf 

Output Fall Time, QB 

0.20 

0.26 

0.42 

0.56 

1 0.25 


0.52 

0.68 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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LATP LATPH 

MOTOROLA TECHNICAL DATA 


CMOS TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 
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LATRN UTRNH 


MOTOROLA TECHNICAL DATA 


D-Type Latch with Reset 
Negative Gate Latched lx & 2x Drive 
(3.3V and 5V Core Voltage) 


LATRN 

LATRNH 


MACRO I EQUIV. GATES 
LATRN 


FUNCTION TABLE 




MACRO 

INPUT CAP. 

All 

D,G: 0.05pF 

RB; 0.07pF 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


l 5 

Sym Parameter 


Rev. 1.07 



Propagation Delay, 
RB to QB 


Output Rise Time, Q 


Output Fall Time, Q 


Output Rise Time, QB 


I tf [Output Fall Time, QB _ | 0.21 | 0.26 

Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


1.70 


0.27 0.34 0.54 0.68 
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MOTOROLA TECHNICAL DATA 


LATRN LATRNH 


CMOS TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=:1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


Rev. 1.07 


Sym 

Parameter 


tsu 

Set Up Time, D to G 

th 

Hold Time, G to D 

Vec 

Recovery Time, RB to G 

tw 

Pulse Width, G(L) 

‘w 

Pulse Width, G(H) 

tw 

Pulse Width, RB(L) 

tw 

Pulse Width, RB(H) 


tsu 

Set Up Time, D to G 

th 

Hold Time, G to D 

tree 

Recovery Time, RB to G 

tw 

Pulse Width, G(L) 

tw 

Pulse Width, G(H) 

tw 

Pulse Width, RB(L) 

tw 

Pulse Width, RB(H) 


5V 

3.3V 

Minimum Requirement 

Minimum Requirement 
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LATRP LATRPH 


MOTOROLA TECHNICAL DATA 


D-Type Latch with Reset 
Positive Gate Latched 1x & 2x Drive 
(3.3V and 5V Core Voitage) 


LATRP 

LATRPH 


FUNCTION TABLE 


MACRO 

LATRP 




EQUIV. GATES 




MACRO 

OUTPUTS/INPUTS 

All 

Q.QB/RB.D,GB 



MACRO 

INPUT CAP. 

All 

D,GB: O.OSpF 

RB; 0.07pF 


CMOS SWITCHING CHARACTERISTICS 






Sym 

Parameter 

FO=0 

FO=2 


Rev. 1.07 


FO=0 FO=2 FO=8 K (ns/pF) 



Output Fail Time, Q 


Output Rise Time, QB 


Output Fall Time, QB 


Capacitance per fanout = 0.05 pF (metal capacitance is not Included). 



1.15 

1.13 

1.25 



0.33 


IKSSI 


1.13 

1.25 

0.39 

0.74 

0.34 

0.52 
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LATRP LATRPH 


MOTOROLA TECHNICAL DATA 


CMOS TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5V 

3.3V 

Minimum Requirement 

Minimum Requirement 

LATRP 

tsu 

Set Up Time, D to GB 

0.71 

0.96 

th 

Hold Time, GB to D 

-0.02 

-0.08 

Vec 

Recovery Time, RB to GB 

0.08 

0.21 

tw 

Pulse Width, GB(L) 

0.72 

1.04 

tw 

Pulse Width, GB,RB(H) 

0.04 

0.03 

tw 

Pulse Width, RB(L) 

0.59 

0.87 

LATRPH 


Set Up Time, D to GB 

0.88 

1.21 

th 

Hold Time, GB to D 

-0.05 

-0.13 

tree 

Recovery Time, RB to GB 

0.19 

0.34 

tw 

Pulse Width, GB(L) 

0.88 

1.28 

tw 

Pulse Width, GB,RB(H) 

0.04 

0.04 

tw 

Pulse Width, RB(L) 

0.75 

1.10 


FUNCTIONAL DIAGRAM: LATRP 
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LAT4TH 


MOTOROLA TECHNICAL DATA 


4- Bit D-Type Latch, 
with 3-State Output 2x Drive 
(3.3V and 5V Core Voltage) 


MACRO 

EQUIV. GATES 

LAT4TH 

23 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

LAT4TH 

QO-Q3/DO-D3,LE,OE 



INPUT CAP. 

I LAT4TH I 

DO-D3,LE,OE: 0.05pF 


FUNCTION TABLE 



D 

D 

Q 

u 



L 

ID 



H 

H 



Q 

m 

D 

D 

Z 


MACRO 

OUTPUT CAP. 

LAT4TH 

Q0-Q3: O.OOpF 


LAT4TH 



CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. _ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 1 

FO=0 I FO=2 I FO=8 | K (ns/pF) 

FO=0 

FO=2 1 FO=8 |K(ns/pF)| 

LAT4TH 1 

tpLH 

Propagation Delay, DO to QO & D1 
toQ1 &D2toQ2&D3toQ3 

0.80 

0.84 

0.97 

0.43 

1.18 

1.24 

1.41 

0.59 

Vhl 

0.82 

0.93 

1.25 

1.08 

1.14 

1.29 

1.71 

1.43 

_!plh_ 

Propagation Delay, 

LE to Q0-Q3 

1.34 

1.38 

1.51 

0.43 

1.89 

1.95 

2.12 

0.59 

■9M 

1.13 

1.24 

1.56 

1.08 

1.59 

1.73 

2.16 

1.42 

■901 

Propagation Delay, 

OE to Q0-Q3 


0.92 


0.00 

1.10 

BUM 

BUM 


WESM 


0.97 


1.18 

1.17 


■Ql 


■Di 

Propagation Delay, 

OE to Q0-Q3 

1.19 

1.24 

1.36 

0.43 


1.62 

■ESI 

0.59 

■9D 

0.89 

0.89 

0.89 

0.00 

□nr 

1.17 

gum 

0.00 

IBSH 

Output Rise Time, Q0-Q3 


0.26 

0.62 

1.19 


eebi 


1.71 


Output Fall Time, 00-03 




1.87 




2.39 


Capacitance per fanout 0.05 pF (metal capacitance is not included). 


CMOS TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5V 

3.3V 

Minimum Requirement 

Minimum Requirement 

LAT4TH 


Set Up Time, D0-D3 to LE 

0.38 

0.95 

mm 

Hold Time, LE to D0-D3 

0.54 

1.04 


Pulse Width, LE(L) 

0.07 

0.10 

tw 

Pulse Width, LE(H) 

0.86 

1.26 
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MOTOROLA TECHNICAL DATA 


LAT4TH 


FUNCTIONAL DIAGRAM: LAT4TH 
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LSSD1AH 


MOTOROLA TECHNICAL DATA 


D-Type Latch with Scan LSSD1AH 

into a D-Type Latch lx & 2x Drive 


FUNCTION TABLE 


D 

SCLK 

SOI 

ACLK 

Q1 

Q1B 

MODE 

L 

H 

X 

X 

L 

H 

NORMAL 

H 

H 

X 

X 

H 

L 


X 

L 

L 

H 

L 

H 

SCAN 

X 

L 

H 

H 

H 

L 


X 

L 

X 

L 

Q1 

Q1B 

NOR/SCAN 


MACRO 

EQUIV. GATES 

LSSD1AH 

14 


D 

Q 

SCK 

Q1B 

LSSD1AH 

SDI 

ACLK 

Q2 

BCLK 

Q2B 


MACRO 

OUTPUTS/INPUTS 

LSSD1AH 

Q1.Q1B,Q2,Q2B/ 

D,SCLK,SDI,ACLK,BCLK 


BCK 

Q1 

Q2 

Q2B 

L 

X 

Q2 

Q2B 

H 

L 

L 

H 

H 

H 

H 

L 


MACRO 

INPUT CAP. 

LSSD1AH 

ACLK,BCLK,D,SCLK,SDI: 

0.05pF 


CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5.0 V 

3.3 V 

F0=0 1 F0=2 1 F0::8 {K(ns/pF) 

FO=0 1 F0=2 1 F0=8 | K (ns/pF) 

LSSD1AH 1 

H9I!H 

Propagation Delay, 

ACLK to 01 

1.05 

1.10 


0.46 

■Ea 

1.42 

1.62 


■3H 

1.25 

1.31 

mEsm 

0.54 


1.89 

2.11 

0.73 

MSfM 

Propagation Delay, 

ACLK to 01B 



wEm 

0.42 

2.27 

2.33 

2.51 

0.60 

KM 

1,41 _ 

1.46 

1.58 

0.40 


1.93 


0.51 

KBB 

Propagation Delay, 

ACLK to 02 


1.96 

2.10 

0.45 


1^ 


0.64 






3.23 

3.29 

3.48 

0.65 

KM 

Propagation Delay, 

ACLK to Q2B 



2.62 

0.41 




0.59 

H!9!H 



2.38 

0.40 

3.02 

3.07 

3.22 

0.50 

KM 

Propagation Delay, 

BCLK to 02 

0.77 

0.81 


0.44 

1.07 

1.13 

1.32 

0.62 

KM 

0.79 

0.84 



1.19 

1.25 

1.44 

0.63 

KM 

Propagation Delay, 

BCLK to Q2B 

1.05 


1.22 


1.54 


1.78 

0.58 

H!9!ili 

1.08 


1.24 

0.40 

1.51 

MI3M 

1.71 

0.50 

KM 

Propagation Delay, 

DtoQI 


0.57 

■»KiM 


ESDI 

esei 

0.95 

0.61 

KM 


0.71 



Kilfelgll 

BESi 

1.22 

0.59 

KM 

Propagation Delay, 

DtoQIB 

0.98 

1.02 

1.14 

0.41 



MdiiM 

0.59 

HSIliH 

0.83 

0.87 



1.13 

1.18 

1.33 


_Vlh 

Propagation Delay, 

Dto 02 

1.35 

1.39 



1.86 

mmm 

2.11 


H3!K 

1.55 

1.60 


0.49 




0.65 1 

KM 

Propagation Delay, 

D to Q2B 

1.82 

1.87 

1.99 

0.42 

2.72 


2.95 

■EESH 


1.64 

1.68 

1.80 

0.40 

2.25 

iic:!i 

2.45 

0.50 


Propagation Delay, 

SCLK to 01 

0.81 

0.86 


0.43 



MWJM 

0.61 


0.89 

0.94 


0.46 

124 

1.30 


0.59 

H9V!H 

Propagation Delay, 

SCLK to 01B 

1.19 

1.23 

1.35 

0.42 


ireiM 

IDISBi 

0.59 

KM 

1.13 

1.17 


0.41 

nga 


1.70 

0.50 

KM 

Propagation Delay, 

SCLK to 02 

1.75 

1.80 


0.46 

I 2.33 




KM 

1.94 

2.00 



Bia 



■E^K 

KM 

Propagation Delay, 

SCLK to 02B 

2.22 

2.26 


0.42 

I 3.18 

3.24 

Mil 

0.59 

KM 


2.11 


0.40 


2.84 

Bil 

0.50 

tpLH 

Propagation Delay, 

SDI to 01 

0.80 

0.85 

0.99 

0.46 

1.06 

1.13 

1.33 

0.67 

_Vhl 

1.02 

1.08 

1.24 

0.55 

1.58 

1.65 

1.87 

0.73 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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LSSD1AH 


MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5.0 V 

3.3 V 1 

mgju 







DGESgSlI 


Propagation Delay, 

SDI toQ1B 

■ESI 

1.44 


0.42 

BDi 

wassM 

eesi 

0.59 


1.13 

1.17 

1.30 

0.41 


■Oil 

MWIM 

0.51 

■an 

Propagation Delay, 

SOI to Q2 

1.66 

1.71 

1.84 

HEEIS 

10031 


ESI 

0.64 

— 

1.97 

2.02 

2.17 

■■ruM 

IsEUi 

■CUBM 


0.65 

H9ISH 

Propagation Delay, 

SDI to Q2B 

2.27 

2.31 


0.42 



ESI 

0.59 

WESSM 

1.93 

1.97 


0.41 

WEM 


EEEI 

0.50 

tr 

Output Rise Time, Q1 

0.31 

■Biegi 


1.19 

EESi 

EESi 

MEM 

1.67 

tf 

Output Fall Time, 01 




0.60 

1331 

MiWi’M 

EElIsjfe 

0.77 

tr 

Output Rise Time, 01B 


heb 


1.19 


roita 


1.68 

tf 

Output Fall Time, 01B 


■jsm 

0.48 



■IIKBM 

ESI 

0.68 

tr 



kesi 

MUrSm 

1.19 


■llWf 

EEH 

1.68 

tf 

Output Fall Time, 02 

0.40 

0.46 

0.64 




mem 

0.76 

tr 

Output Rise Time, 02B 

0.18 

0.30 

0.66 

1.20 


■llKtf 

fcilsnlh 

1.68 

tf 


0.19 

0.24 

0.41 

0.57 

0-26 

0.33 

0.54 

0.69 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


CMOS TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0oC (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5V 

3.3V 

Minimum Requirement 

Minimum Requirement 

LSSD1AH 

tsu 

Set Up Time, SDI to ACLK 

1.27 

2.01 

tsu 

Set Up Time, ACLK to BCLK 

2.26 

3.33 

tsu 

Set Up Time, D to BCLK 

1.57 

2.36 

tsu 

Set Up Time, SCLK to BCLK 

2.03 

2.92 

tsu 

Set Up Time, SDI to BCLK 

2.01 

3.06 

tsu 

Set Up Time, D to SCLK 

1.02 

1.58 

th 

Hold Time, ACLK to SDI 

-0.25 

-0.34 

th 

Hold Time, BCLK to ACLK 

-1.33 

-1.71 

th 

Hold Time, BCLK to D 

-0.07 

0.01 

th 

Hold Time, BCLK to SCLK 

-1.18 

-1.44 

th 

Hold Time, BCLK to SDI 

-0.32 

-0.34 

th 

Hold Time, SCLK to D 

0.00 

0.01 

tyv 

Pulse Width. ACLK(H) 

2.77 

2.77 

tw 

Pulse Width, BCLK(H) 

1.50 

1.50 

tw 

Pulse Width, SCLK(H) 

2.38 

2.38 
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MC0MP4 


MOTOROLA TECHNICAL DATA 


4-Bit Magnitude Comparator 
(3.3 V and 5 V Core Voltage) 



EQUIV. GATES 

MCOMP4 

35 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

MCOMP4 

aeo,alo/ao- 

A3,B0-B3 


MACRO 

INPUT CAP. 

MCOMP4 

A0-A3: 0.16pF 
B0-B3: 0.1 OpF 


FUNCTION TABLE 



A1 B1 

A2B2 

A3B3 

lESI 


X 

X 

X 

A3<B3 

L 

H 

X 

X 

X 

A2>B2 

L 

L 

X 

X 

A2<B2 

A3=B3 

L 

H 

X 

X 

A2>B2 

A3=B3 

L 

L 

X 

A1<B1 

A2=B2 

A3=B3 

L 

H 

X 

A1>B1 

A2=B2 

A3=B3 

L 

L 

A0<B0 

A1=B1 

A2=B2 

A3=B3 

L 

H 

A1>B1 

A1=B1 

A2=B2 

A3=B3 

L 

L 

A1=B1 

A1=B1 

A2=B2 

A3=B3 

H 

L 


MCOMP4 



CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 1 

FO=0 I FO=2 I FO=8 | K(ns/pF) 

FO=0 


MCOMP4 1 

H9I!BI 

Propagation Delay, 

AO to AEO 

0.91 

0.96 

1.09 

0.46 

1.32 

Da 


0.64 

■9!H 

0.78 

0.83 

0.95 

0.41 

1.12 

db 

D3 

0.51 

■SH 

Propagation Delay, 

AO to ALO 


0.87 

1.01 

0.45 

1.17 

CO 

CVI 

dm 

064 

law 

0.59 

0.67 

0.90 

0.78 


Biicra 

BUB 

1.06 


Propagation Delay, 

A1 to AEO 

■tl*M 

1.01 


0.45 

Usffl 

BEEB 


0.64 

msm 


0.85 


0.41 

BUM 

BIEiB 

1.35 

0.50 

■SM 

Propagation Delay, 

A1 to ALO 

0.93 



0.46 

—cgM 

MESM 


0.65 

MSSU 

0.84 

MiTEOl 

■031 

0.77 

DEI 

BUB 

1.60 

1.05 

WE5KM 

Propagation Delay, 

A2 to AEO 


1.15 

1.28 

0.45 


BUB 

dm 

0.64 

Msm 


0.91 

1.03 

0.40 


■Di 

dm 

0.49 

WESKM 

Propagation Delay, 

A2 to ALO 


0.82 

0.95 

0.43 

ddi 

dm 

dm 

0.60 

■as 


1.00 


0.77 

mtsm 

D3 

1.78 

1.07 

tpLH 

Propagation Delay, 

A3 to AEO 

1.11 

1.15 


0.45 

DEI 

BUB 

1.83 

0.64 

_tpHL 

0.83 



0.40 

BUM 

BUB 

CO 

CO 

0.48 


Propagation Delay, 

A3 to ALO 

0.72 

0.76 

0.89 

0.42 


■mRM 


0.59 

■as 

0.86 

0.93 

1.17 

0.78 

Bi3?B 

dm 

1.71 

1.07 

M3SH1 

Propagation Delay, 

BO to AEO 

0.86 

0.90 

1.04 

0.45 

BUB 

BUB 

wnpm 

0.64 

HaHi 

0.69 

0.73 

0.86 

0.41 

Dlil 



0.51 

MSM 

Propagation Delay, 

BO to ALO 

1.00 

1.05 

1.19 

0.45 

Bggi 

DEI 

mwm 

0.64 

HaHi 

■iUyi 

0.80 

1.03 

0.78 

D3 

dm 

dm 

1.05 

■Bai 

Propagation Delay, 

B1 to AEO 


WEEHM 

1.11 

0.45 

D9 

dm 

1^ 

0.64 

Haai 

0.73 

lIsJOJI 


0.41 

1 1.03 

1.08 

1.23 


mm 

Propagation Delay, 

B1 to ALO 

1.04 



0.43 

BigiB 

BUB 


0.61 

Mai 

0.78 

0.86 

1.09 

0.78 

DEI 

'BUB 

1.52 

1.06 

M9I1 

Propagation Delay, 

B2 to AEO 

1.01 

1.06 

1.19 

0.45 


BUB 

BKIB 

0.65 

Mai 

0.76 

0.81 

0.93 

0.40 

DQI 


BUB 

0.49 

M9H 

Propagation Delay, 

B2 to ALO 

0.96 


1.13 

0.42 

DEI 

DM 

1.61 

0.60 

Mai 

1.03 

1.11 

1.34 

0.78 

D3 

IDM 

BiilB 

1.07 

M9l1 

Propagation Delay, 

B3 to AEO 

1.02 

1.06 

1.20 

0.46 

D3 


BUB 

0.65 

Mai 

0.74 

0.78 

0.90 

0.40 

DEI 

IBBtB 

»*** 

0.49 


Capacitance per fanout = 0.05 pF (metal capacitance Is not Included). 
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MCOMP4 


MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are In ns. 




Rev. 1.07 
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MOTOROLA TECHNICAL DATA 


MUX2A 


2-1 Multiplexer, IX Drive 
(3.3 V and 5 V Core Voltage) 



MUX2A 



CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


Rev. 1.07 
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MUX2H 


MOTOROLA TECHNICAL DATA 


2- Input Multiplexer, 2X Drive 
(3.3 V and 5 V Core Voltage) 



FUNCTION TABLE 


A 

B 

SL 

X 

L 

X 

L 

L 

H 

X 

L 

H 

X 

L 

H 

L 

X 

H 

H 

H 


MUX2H 


MUX2H 

A 

B 

SL 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

FO=0 I FO=2 I FO=8 | K(n./pF) 

FO=0 

FO=2 1 FO=8 1 K (ns/pF) 

MUX2H I 

■HBB 

Propagation Delay, 

A,B to X 

■slslsfl 

0.42 

0.55 

0.41 


EES 


0.59 



0.41 

0.53 

0.39 


EES 

EES 

0.47 

HSIHli 

Propagation Delay, 

SL toX 

0.49 

0.53 

0.65 

0.41 

! 0.69 

E&S 



■9M 

0.56 

0.59 

0.71 

0.39 


U2sS 


0.48 

tr 

Output Rise Time, X 

0.11 

0.23 

0.59 

1.21 

13^1 

EEEI 

0.84 

1.72 

immu 

Output Fall Time, X 

0.14 

0.20 

0.37 

0.57 




0.69 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


FUNCTIONAL DIAGRAM: MUX2H 
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MOTOROLA TECHNICAL DATA 


MUX2IH 


2- Input Multiplexer, Inverting Output, 2X Drive MUX2IH 

(3.3 V and 5 V Core Voltage) 
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MUX4H 


MOTOROLA TECHNICAL DATA 
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MOTOROLA TECHNICAL DATA 


MUX41AMUX41AH 


4-BIT, 2-Input Multiplexer, 1X & 2X Drive 
(3.3 V and 5 V Core Voltage) 


MUX41A 

MUX41AH 


MACRO 

EQUIV. GATES 

MUX41A 

12 

MUX41AH 

14 


FUNCTION TABLE 


MUX41A 

XO 


MACRO 

OUTPUTS/INPUTS 

All 

X0-X3 / 

A0,B0,A1 ,B1 ,A2,B2,A3,B3,SL 


An 

Bn 

SL 

Xn 

L 

X 

L 

L 

H 

X 

L 

H 

X 

L 

H 

L 

X 

H 

H 

H 


MACRO 

INPUT CAP. 

All 

A0-A3,B0-B3: 0.12pF 

SL: 0.05pF 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 

Sym Parameter FO=0 I FO=2 I F( 


tpLH Propagation Delay, AO,BO to XO & A1, 
tpHi B1 to X1 & A2,B2 to X2 & A3,B3 to X3 


Propagation Delay, 

SL to XO _ 

Propagation Delay, 

SL to X1-X3 _ 

Output Rise Time, X0-X3 


Output Fall Time, X0-X3_ 


tpLH Propagation Delay, 

AOtoXO \ 


tpLH Propagation Delay, A1 ,B1 to X1 & A2, 0.38 

tpHL B2 to X2 & A3,B3 to X3 & BO to XO 0.37 

I Propagation Delay, 0.93 

tp[-n^ I SL to X0~X3 _ 1 .00 

tr Output Rise Time, XO 0.11 


tf Output Fall Time, XO _ 0.15 0.21 

t Output Rise Time, XI-X3 0.11 0.12 


I tf [Output Fall Time, XI-X3 _ | 0.15 | 0.15 | 0.15 | 0.0 

Capacitance per fanout = 0.05 pF (metal capacitance is not included). 

FUNCTIONAL DIAGRAM: MUX41A 


5V 

3.3 V 

FO=0 1 FO=2 FO=8 { K(ns/pF) 

FO=0 1 FO=2 1 FO=8 | K (ns/pF) 
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MUX8AH 


MOTOROLA TECHNICAL DATA 


8-Input Multiplexer, 2X Drive MUX8AH 

(3.3 V and 5 V Core Voitage) 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rsv. 1.07 



Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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MOTOROLA TECHNICAL DATA 


MUX8AH 


FUNCTIONAL DIAGRAM: MUX8AH 
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MX41 MX41H 


MOTOROLA TECHNICAL DATA 


4-Input Multiplexer with Individual Selects 
1X&2X Drive 

(3.3 V and 5 V Core Voltage) 


MACRO 

EQUIV. GATES 

MX41 

5 

MX41H 

6 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

XI 

A,SLA.B,SLB,C,SLC,D,SLD 


FUNCTION TABLE 


A*SLA 

B*SLB 

C*SLC 

D*SLD 

X 

H 

X 

X 

X 

H 

X 

H 

X 

X 

H 

X 

X 

H 

X 

H 

X 

X 

X 

H 

H 

L 

L 

L 

L 

L 


MACRO 

INPUT CAP. 

All 

A-D,SLA-SLD: 0.05pF 


MX41 

MX41H 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 1 

FO=0 1 FO=2 1 FO=8 | K(ns/pF) 

FO=0 

FO=2 1 FO=8 1 K (ns/pF) | 

MX41 1 

■3m 

Propagation Delay, 

AtoX 



0.83 

0.83 



1.14 

1.17 

■sm 


0.70 

1.04 

1.15 

Btiaai 

niai' 

1.46 

1.52 

■3l!H 

Propagation Delay, 

BtoX 


0.48 

0.73 

0.83 

Milted 



1.16 

■3m 

iiifclcli 

0.54 

0.88 

1.14 



1.21 

1.51 

■3m 

Propagation Delay, 

CtoX 

iiijMcli 

0.61 

0.86 

0.83 

MtWa 

■iBai 

1.19 

Tie 

■3m 

0.54 

0.66 

1.00 

1.14 

eeh 



1.51 

■3m 

Propagation Delay, 

DtoX 

0.42 

0.50 

0.75 

0.83 




1.16 

■3m 

0.40 

0.51 

filSUi 

1.14 


^ebm 

mwwm 

1.51 

■3m 

Propagation Delay, 

SLA toX 

MSE3M 




EBI 

eeh 

MEEi 

1.16 

Vhl 






0.88 


1.52 

■3m 

Propagation Delay, 

SLB to X 

|||•|c|2)|| 

0.47 



EESi 


KliM 

1.16 

■3m 




1.14 



1.33 

1.51 

■3m 

Propagation Delay, 

SLC to X 

0.55 

TiTigM 

0.88 

0.83 

liUI 

giI:M 


1.16 

■3m 

0.45 

Kl^li 

0.91 

1.15 




1.51 

■sm 

Propagation Delay, 

SLD to X 

0.40 

0.48 

0.73 

0.83 




1.16 

■3m 



KEOi 

1.14 


eesi 


1.51 

tr 

Output Rise Time, X 


■Ogni 


2.44 

EES 


■EH 

3.44 

tf 

Output Fall Time, X 

0.26 

0.46 


1.98 

BilcM 

0.58 

■KQI 



HsHflii 



0.48 

0.61 

IIIIIQQQIIII 

1 0.60 


0.83 


■3m 

0.47 

0.53 

0.71 

HQ^IH 



0.98 

0.78 

■3lM 

Propagation Delay, 

BtoX 

0.54 

0.58 

0.71 

0.43 


MmiM 


0.60 

■3m 

0.52 

0.58 

MW 

0.60 

EIEQi 

KE91 


0.79 

■3m 

Propagation Delay, 

CtoX 

0.49 

0.53 


0.42 



MRni 

0.59 

■3m 

0.49 

0.55 

0.72 

0.58 


E&a 

WTiTM 

0.77 

■3m 



0.63 

0.76 

0.42 

ESI 

fEESM 

gfSIcl 


■3m 

iKmi 

kesi 


0.57 

EE3 

EEEI 

1.07 

0.78 

■3m 



WEESM 

ISM 

0.42 




0.59 

■3!Hi 


■SEEI 

0.81 

0.59 

EEQI 




■3m 

Propagation Delay, 

SLB toX 

0.54 


0.71 

KEMi 



0.97 


■3m 

0.62 

Kl^l 


1061 



1.25 

1 0.80 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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MX41 MX41H 

■■■■■■■■ MOTOROLA TECHNICAL DATA ■■■■■■■■ 

CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 1.07 



Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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MX61 MX61H 


MOTOROLA TECHNICAL DATA 


6-Input Multiplexer with Individual Selects 
1X&2X Drive 

(3.3 V and 5 V Core Voltage) 


MACRO 

EQUIV. GATES 

MX61 

8 

MX61H 

9 


Rev. 1.07 




All 

X/A.SLA,B,SLB.C,SLC,D, 

SLD.E.SLE.F.SLF 


MACRO 

INPUT CAP. 

All 

A-F,SLA-SLF: O.OSpF 


A*SLA 

B*SLB 

C*SLC 

D*SLD 

E*SLE 

F*SLF 


H 

X 

B 

B 

B 

X 


X 

H 

B 

mm 

mm 

X 


X 

X 

H 

B 

H 

X 


X 

X 

B 

H 

B 



X 

X 

H 

B 

B 



X 

X 

mm 

B 

B 



L 

L 

B 

B 

B 


IB 


MX61 

MX61H 



CMOS SWITCHING CHARACTERISTICS 

(input Edge Rate tr,tf=:1.00ns) TJ= 25.0°C (Nominai) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 1 

“F6So'J"F6SrjT6S8'Jir(ns/pF)“ 

r=sg9i3tiyii'ar»S:i9 rt 



Propagation Delay, 

AtoX 

0.51 



0.83 



BS! 

1.16 

PD9RH 



1.24 

1.55 


KKOll 

greaii 

2.12 


Propagation Delay, 

BtoX 

■ZQI 

0.49 

0.74 

0.83 

0.57 

0.69 

BESHi 

1.16 





1.54 


mmm 

■Ii2!| 

2.11 

'msm 




0.88 

0.83 

0.76 



1.16 



0.77 

1.23 

1.55 

■asiai 

1.11 

■E3 

2.11 


Propagation Delay, 

DtoX 

0.44 


0.77 

0.83 

0.61 

0.73 

■EJI 

1.16 

iH9!H 



1.08 

1.54 

0.67 

0.88 

1.51 

2.11 

msm 

Propagation Delay, 

EtoX 

0.59 



0.83 

0.82 

0.93 

1.28 

1.17 

WEsm 

0.63 

■BBai 


1.55 


HKB 


2.11 

WBsm 

Propagation Delay, 

FtoX 

0.48 

0.56 

0.81 

0.83 

0.68 

0.79 

1.14 

1.17 

mssm 

keeh 


1.10 

1.54 


EE3 

1.55 

2.11 

msm 


Hslsllsdll 

■QOS 

0.86 

0.83 

0.72 

0.83 


1.16 

ISil 



1.16 

1.54 

fcilriiii 


1.62 

2.12 



keei 

TigEI 

0.74 

0.83 


EZSi 


1.16 

— 



1.17 

1.54 

ESOi 

EBsl 


2.11 

■SIS 

Propagation Delay, 

SLC to X 

0.57 

0.65 

0.90 

0.83 

0.77 

0.89 

1.24 

1.16 

■SIS 

0.53 

0.68 

1.15 

1.55 

warn 

■EQI 


2.11 

■SH 

Propagation Delay, 

SLD to X 


0.49 


0.83 

m^mm 

E&9 

BiSi 

1.16 

■SIS 


0.71 

1.17 

1.54 

EBl 

EIS 

BSI 

2.11 

■sm 

Propagation Delay, 

SLE to X 

0.61 

0.69 


0.83 

■•ISICB 

EE9 

1.30 

1.17 

■SIS 

0.54 

0.70 


1.55 

Esa 

Elia 

1.67 

2.11 

■SSI 



0.56 

0.81 

0.83 


EBsI 

UEI 

1.16 

■SIS 

■00311 


1.18 

1.54 



IBS 

2.11 

'r 

Output Rise Time, X 

0.40 


1.37 

2.44 

ESI 


■IsBI 

3.44 


Output Fall Time, X 

0.34 

0.62 

1.46 

2.80 

1 0.42 

0.78 

1.88 

3.66 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns. 


Sym 

Parameter 

5V 

3.3 V 

FO=0 

FO=2 1 FO=8 1 K(ns/pF) 

F0=0 1 FO=2 1 FO=8 

{ MX61H 

_Vlh_ 

Propagation Delay, 

AtoX 

0.46 



0.43 



0.86 

■9M 

0.53 



0.78 


0.86 

1.17 

■UJiB 

Propagation Delay, 

BtoX 


0.59 

iiiVigli 

0.43 



■tgrai 

H9Mi 

0.56 

0.64 


0.79 




mstm 


0.52 

0.56 

KUB 

0.42 

EBU 


li!^ 

HtSMI 

0.56 

0.64 

Hjcrgi 

0.78 


IHIsI 

1.22 

■ijin 

Propagation Delay, 

DtoX 

0.61 

0.65 

0.78 

0.43 



1.07 

■Di!H 



0.91 

0.77 


0.98 

MMflM 

HSRH 


Kl^ii 

MiMB 


0.43 

hob 

keb 



0.56 

0.64 

0.88 

0.79 

EEQI 



■sm 


0.64 


0.81 

0.43 

EE&i 


3111 

mssm 

0.59 


0.90 

0.77 

EEM 

EEB 

mgsm 

hum 

Propagation Delay, 

SLA to X 

MRgfai 

0.50 

0.63 

0.42 

EBI 



H3!!M 

HIs2M 

0.72 


0.78 

1 0.90 

■ESI 

■eei 

m-jm 

Propagation Delay, 

SLB to X 


0.60 


0.42 

ISEB 


1.00 i 

■Uilill 

■RIRM 

0.77 

1.00 

0.78 


■EU 




0.52 

0.57 

0.69 

0.42 

HsUgH 





0.75 

0.98 

0.77 


MWiTM 

—tU 

BCBfRH 

Propagation Delay, 

SLD to X 


0.65 

0.78 

0.42 


EESI 

1.08 1 

HW 

0.70 

0.78 


0.78 



■Eai 


Propagation Delay, 

SLE to X 




0.42 


hem 

■lEI 


0.67 

[HEEH 


0.77 


■EM 

■Eai 

■sni 

Propagation Delay, 

SLF to X 

0.64 


0.81 

0.42 

EEH 

EE3I 

1.12 


0.70 

m%%rhm 

1.01 

0.77 


lEEl 

1.45 

‘r 

.'I'll III lil lii^ 

meqi 



1.19 

Hslsy 

EBI 

1.19 

_ 


mehm 

0.51 


1.37 


E^l 

1.18 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


FUNCTIONAL DIAGRAM: MX61 



H4CPIUS Series Design Reference Guide 


MOTOROLA 

7-301 



















































































MX81 


MOTOROLA TECHNICAL DATA 


8-Input Multiplexer with Individual Selects 
1X&2X Drive 

(3.3 V and 5 V Core Voltage) 


MACRO 

EQUIV. GATES 

MX81 

10 

MX81H 

12 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

X/A,SLA,B,SLB,C,SLC, 

D,SLD,E.SLE,F,SLF,G,SLG, 

H,SLH 


MACRO 

All 


INPUT CAP. 

A-H,SLA-SLH: O.OSpF 


FUNCTION TABLE 




C*SLC 

BggBl 





X 

mm 

mm 


X 

X 


X 

X 

H 

X 

H 


X 

X 


X 

X 

H 

X 

X 

H 

X 

X 


X 

X 

H 

X 

X 

X 

H 

X 


X 

X 

H 

X 

X 

X 

X 

H 


X 

X 

H 

X 

X 

X 

X 

X 

H 

X 

X 

H 

X 

X 

X 

X 

X 

B 

H 

X 

H 

X 

X 

X 

X 

X 

B 

B 

H 

H 

L 

L 

L 

L 

L 

B 

B 

L 

L 


MX81 

MX81H 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 



Parameter 

1 

3.3 V 


FO=0 1 FO=2 1 FO=8 | K (ns/pF) 


■BM 

Propagation Delay, 

AtoX 


0.60 



Mnnm 



1.16 1 

H!3!Hi 



—gall 

1.96 

EEQI 

1.21 



ISM 

Propagation Delay, 

BtoX 

0.42 


0.75 

0.83 


0.70 


1.16 

HBlhi 



1.27 

1.95 




2.71 

■Bm 

Propagation Delay, 

CtoX 




0.83 



■real 

1.16 

■BBM 


|||||||Q[^Q|||||| 

1.46 

1.95 

0.99 



2.72 

■Bin 

Propagation Delay, 

DtoX 


BsIdBI 


0.83 


0.77 


1.16 

■BM 


bsbb 

BIcM 

1.96 

0.77 _ 

1.04 

^1.85 

2.72 

■BH 

Propagation Delay, 

E,G to X 




0.83 

EH 


HEB 

1.17 

— 

0.70 

kesb 


1.96 

mwim 


KIM 


■Bin 

Propagation Delay, 

FtoX 

0.50 


0.83 

0.83 

EH 


aiM 

1.17 

■BH 

0.57 

0.77 

■[EH 

1.96 

eh 



2.72 

■BH 

Propagation Delay, 

HtoX 

0.50 

0.58 


0.83 

EH 


MKWm 

1.18 

■BH 

BiiarB 

B3BBi 


1.96 

0.80 


mwm 

2.71 

■BH 

Propagation Delay, 

SLA toX 

BiI3eB 


0.87 

0.83 


mmsm 

wnai 

1.17 

■BH 

Btfc^;B 

0.76 


1.95 

0.83 

aiBi 

mmm 

2.72 

■BH 

Propagation Delay, 

SLB to X 

0.41 

0.50 

0.74 

0.83 

EiSI 

EH 

1.04 

1.16 

■BH 

0.58 


BK!sB 

1.95 

EEB 

1.08 

BETil 

2.71 

■BH 


BtTKiB 



0.83 


0.91 


1.16 

■bh 

BilSgB 



1.96 


1.14 

1.96 

2.72 

■9H 





0.83 

gifsai 

■H 

wmi 

1.16 

■BH 



1.40 

1.95 



mmiM 

2.72 

■SH 

Propagation Delay, 

SLE to X 

BiI3B 



0.83 

1 0.84 


BgB 

1.17 

■BH 

0.62 

0.82 

■deh 

1.95 

EEB 

1.20 

WTtM 

2.72 

■BH 

Propagation Delay, 

SLF toX 

0.50 

0.58 

liHB 

0.83 

eedi 

IJilcl 


1.16 

B9H 


0.85 

1.44 

1.96 


1.21 

2.03 

2.72 

■BH 

Propagation Delay, 

SLG to X 

0.61 

0.70 


0.83 


gtli7;l 

1.33 

1.18 

■9H 

0.62 

0.82 

BgM 

1.95 


1.19 

2.01 

2.72 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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MX81H 


MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) ail units are in ns._ Rev. 1.07 


Hi 

Parameter 

5V 

3.3 V 1 





FO=:0 

F0=2 



■Jilin 

Propagation Delay, 

SLH to X 




0.83 

dBi 

g>l:W 

BEB 

1.18 

■Jiim 


0.85 

1.44 

1.96 

EEB 

1.19 

EEB 

2.72 

‘r 

Output Rise Time, X 

0.50 

0.75 


2.44 

0.63 

glCTI 

IQQ3I 

3.44 

_tf_ 

Output Fall Time, X 

0.44 

0.81 


3.63 


mwsm 

2.47 

4.78 

I MX81H I 


Propagation Delay, 

AtoX 


MilW 


0.42 




0.59 





0.98 

0.86 



1.37 


Propagation Delay, 

BtoX 

■Rjnni 



0.43 



mwsm 

0.59 

H9!Hi 

0.65 

0.75 

1.04 

0.98 




1.37 

WESKM 

Propagation Delay, 

CtoX 

0.49 

0.54 


0.43 




0.60 

ISf 


0.69 

0.99 

0.98 



BKcfiiM 

1.37 

H9I!H 

Propagation Delay, 

DtoX 


0.62 


0.43 

0-79 

0.85 

103 

0.60 

■SM 

0.64 

0.74 

■UiUi 

0.98 


mmm 

MMm 

1.38 

MSKM 

Propagation Delay, 

EtoX 

0.57 

0.62 


0.43 


giiiTai 

mw»m 

0.60 

WESM 



1.06 

0.98 

EE3 


mmm 

1.38 

WBSKM 

Propagation Delay, 

F,H to X 


UQH 

■slim 

0.43 

EES 


wnnm 

0.60 

WE5SU 


HOB 


0.99 



mmm 

1.37 


Propagation Delay, 

GtoX 


0.62 

0.75 

0.43 


KEM 

■mxM 

0.61 

— 

■EBB 

0.74 


0.98 


MEsM 

Mga 

1.37 

H9RI 

Propagation Delay, 

SLA to X 

0.53 


0.69 

0.41 

EES 

MsUM 

■nCT 

0.59 

■9!m 

HE3i 


1.11 

0.98 


wna 

mmm 

1.37 

■SIM 

Propagation Delay, 

SLB to X 



0.78 

0.42 

EE9 

IsEil 


0.59 

13!1 

B33Bi 

0.86 

1.15 

0.98 

BiiM 

rnggi 

mmm 

1.37 


Propagation Delay, 

SLC to X 

lEI^B 

0.54 

0.67 

0.42 

1 0.69 

mwnm 

mswsm 


■!9!Hi 

0.72 


1.11 

0.98 


BKlMi 

mw^m 

1.37 

MSKU 

Propagation Delay, 

SLD,SLE,SLG to X 

0.59 


0.75 

0.42 


rtWiVM 

mwim 

0.59 

— 

0.76 


1.15 

0.99 


gjjcl 

mw^m 

1.38 

■HIM 

Propagation Delay, 

SLF.SLH to X 

0.66 


0.83 

0.43 


1^ 

mtnm 

0.60 

H9!^l 

0.80 


1.19 

0.98 

itiUrJI 

1.31 

wwmm 

1.37 

'r 

Output Rise Time, X 

0.55 

0.67 

1.03 

1.19 

0.68 

0.84 

1.35 

1.69 

tf 

Output Fall Time, X 

0.50 

0.68 

1.22 

1.79 

0.63 

0.87 

1.58 

2.37 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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NAN2 NAN2H NAN2B 


MOTOROLA TECHNICAL DATA 


2-Input NAND Gate NAN2 

1X&2X Drive NAN2H 

(3.3 V and 5 V Core Voltage) NAN2B 



FUNCTION TABLE 


A 

B 

X 

L 

L 

H 

L 

H 

H 

H 

L 

H 

H 

H 

L 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns. _ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V ] 

FO=:0 

FO=2 

FO=8 

K«ns/pF) 

1 FO=0 1 FO=2 

FO=8 

K (ns/pF) 1 

I NAN2 I 

_¥lh 

Propagation Delay, 

AtoX 

0.12 

0.21 

0.45 

0.82 

0.17 

0.29 

0.63 

1.15 

KIM 

0.27 

0.38 

0.72 

1.14 

0.34 

0.49 

0.94 

1.50 

■DSfli 

Propagation Delay, 

BtoX 




0.82 

0.22 

0.34 


1.15 

mogipii 


0.36 


WBEm 

■sltUl 

0.46 

0.91 

1.50 

Jr 

Output Rise Time, X 

0.23 

0.47 

— giM 

mBam 



1.66 

■eeek 

tl 

Output Fail Time, X 

0.20 

0.40 

0.99 

1.96 



1.23 



ISM 

Propagation Delay, 

AtoX 


0.14 


0.41 

0.14 


0.38 


BCaffWB 

0.25 

0.31 


0.57 

0.31 

ihtickJ 

0.61 

0.75 





0.32 

0.41 

0.21 

MEM 


0.58 

H9IIH 


keb 

0.46 

0.56 


KE91 

0.60 

0.75 

»r _ 



kesh 




Mania 

0.97 

1.70 

?1 

Output Fall Time, X 

0.22 




1 0.22 

034 

0.71 

1.23 




WEEM 


0.22 

0.42 

0.11 

aaroi 

aiicMi 


■9M 


0.46 

kesb 

1.13 

0.40 


mssM 

1.50 

WEsm 

Propagation Delay, 

BtoX 




0.41 

0.15 


0.38 

0.58 

HSfHi 


0.42 


1.13 

0.37 

a»i3Ji 

0.97 

1.50 

>r 



0.35 


1.17 

0.23 


0.90 

1.69 


Output Fall Time, X 

0.23 

0.43 

1.01 

1.96 

0.23 

0.49 

1.25 

2.54 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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NAN2 NAN2H NAN2B 


MOTOROLA TECHNICAL DATA 
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MOTOROLA TECHNICAL DATA 


NAN3 NAN3H 


3-lnput NAND Gate 
1X&2X Drive 

(3.3 V and 5 V Core Voltage) 



NAN3 

NAN3H 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 



Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


FUNCTIONAL DIAGRAM: NAN3 FUNCTIONAL DIAGRAM: NAN3H 
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NAN4 NAN4H 


MOTOROLA TECHNICAL DATA 


4-Input NAND Gate 
1X&2X Drive 

(3.3 V and 5 V Core Voltage) 



FUNCTION TABLE 


A 

B 

C 

D 

X 

L 

X 

X 

X 

H 

X 

L 

X 

X 

H 

X 

X 

L 

X 

H 

X 

X 

X 

L 

H 

H 

H 

H 

H 

L 


NAN4 

NAN4H 


A 

B 

C 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. _ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 1 

FO=0 I FO=2 I FO=8 | K(ns/pF) 

FO=0 1 FO=2 

FO=8 1 K (ns/pF) | 

NAN4 I 

tpLH 

Propagation Delay, 

AtoX 

0.13 

0.21 

0.46 

0.82 

0.19 

0.31 

0.66 

1.15 

tpHL 

0.36 

0.56 

1.14 

1.94 

0.42 

0.69 

1.51 

2.71 

tpLH 

Propagation Delay, 

BtoX 

0.17 

0.25 

0.49 

0.82 

0.25 

0.37 

0.71 

1.15 

tpHL 

0.38 

0.57 

1.16 

1.95 

0.47 

0.74 

1.56 

2.71 

tpLH 

Propagation Delay, 

CtoX 

0.21 

0.29 

0.54 

0.83 

0.31 

0.42 

0.77 

1.16 

Vhl 

0.40 

0.59 

1.18 

1.95 

0.53 

0.80 

1.61 

2.71 

tpLH 

Propagation Delay, 

DtoX 

0.23 

0.31 

0.56 

0.84 

0.34 

0.45 

0.81 

1.17 

tpHL 

0.37 

0.57 

1.15 

1.95 

0.53 

0.80 

1.61 

2.71 

tr 

Output Rise Time, X 

0.45 

0.70 

1.42 

2.42 

0.58 

0.92 

1.95 

3.44 

_t,_ 

Output Fall Time, X 

0.40 

0.76 

1.84 

3.62 

0.47 

0.95 

2.39 

4.79 

NAN4H I 

tpLH 

Propagation Delay, 

AtoX 

0.10 

0.14 

0.27 

0.41 

0.17 

0.23 

0.40 

0.58 

tpHL 

0.35 

0.44 

0.73 

0.96 

0.40 

0.53 

0.94 

1.35 

tpLH 

Propagation Delay, 

BtoX 

0.16 

0.20 

0.32 

0.41 

0.24 

0.30 

0.47 

0.58 

Vhl 

0.38 

0.48 

0.77 

0.97 

0.47 

0.60 

1.01 

1.36 

Vlh 

Propagation Delay, 

CtoX 

0.19 

0.23 

0.36 

0.42 

0.29 

0.35 

0.52 

0.59 

tpHL 

0.39 

0.49 

0.78 

0.98 

0.51 

0.65 

1.05 

1.36 

Vlh 

Propagation Delay, 

DtoX 

0.22 

0.26 

0.39 

0.43 

0.32 

0.38 

0.56 

0.60 

tpHL 

0.37 

0.47 

0.76 

0.98 

0.52 

0.66 

1.07 

1.36 


Output Rise Time, X 

0.49 

0.61 

0.97 

1.18 

0.58 

0.75 

1.27 

1.70 

tf 

Output Fall Time, X 

0.41 

0.59 

1.13 

1.80 

0.46 

0.70 

1.42 

2.38 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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NANS NAN5H 


MOTOROLA TECHNICAL DATA 


5-Input NAND Gate 
1X&2X Drive 

(3.3 V and 5 V Core Voltage) 



FUNCTION TABLE 


A 

B 

C 

D 

E 

X 

L 

X 

X 

X 

X 

H 

X 

L 

X 

X 

X 

H 

X 

X 

L 

X 

X 

H 

X 

X 

X 

L 

X 

H 

X 

X 

X 

X 

L 

H 

H 

H 

H 

H 

H 

L 


NANS 

NAN5H 



CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. _ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 


K(ns/pF) 

FO=0 1 FO=2 1 FO=8 | K (ns/pF) 

NANS I 

'msm 

Propagation Delay, 

AtoX 

0.34 

■iESi 

0.67 

0.82 

0.55 

0.67 

1.01 

1.16 

iKM 

0.78 



0.77 

KES 


mmm 

0.94 


Propagation Delay, 

BtoX 

0.43 

KSH 

0.76 

0.83 



mmm 

1.16 

'msm 

0.79 


1.10 

0.77 

BSgl 


mmm 

0.94 

ingni 

Propagation Delay, 

CtoX 

tlECTi 


0.82 

0.83 

EEB 


mmm 

1.16 

msm 

0.77 

0.85 

1.08 

0.77 


1.19 


0.94 


Propagation Delay, 

DtoX 

0.36 

0.45 

0.69 

0.82 


wmm 


1.16 

msm 

0.69 


1.00 

0.76 



mmm 


•msm 

Propagation Delay, 

EtoX 

0.46 


0.79 

0.83 


gw 

MW 


'HSHI 

0.68 


0.99 

0.77 


gftva 

mmm 


tr 

Output Rise Time, X 

0.15 

0.40 

1.13 

2.44 

gw 

glSM 

1.55 


_*1_ 

Output Fall Time, X 

0.21 

0.32 

0.67 

1.16 


giw 


1-39 

NAN5H 1 

tpLH 

Propagation Delay, 

AtoX 

0.39 

0.43 

0.55 

0.41 

0.60 

0.66 

0.84 

0.58 

tpHL 

0.87 

0.92 

1.04 

0.42 

1.20 

1.25 

1.41 

0.53 

¥lh 

Propagation Delay, 

BtoX 

0.48 

0.52 

0.64 

0.41 

0.69 

0.75 

0.92 

0.58 


0.90 

0.94 

1.07 

0.42 

1.22 

1.28 

1.43 

0.53 

msm 

Propagation Delay, 

CtoX 

0.53 

0.58 

0.70 

0.42 

0.77 

EEEI 

MW 

0.58 

■isllH 

0.87 

0.91 

1.04 

0.42 

1.24 

1.29 

■ESI 

0.52 

■isiliH 

Propagation Delay, 

DtoX 

0.43 

0.47 


0.41 

lEIEfll 



0.58 


0.78 

0.82 


0.42 

MKPM 

mwm 

Kickl 

0.52 

■jJ!B 

Propagation Delay, 

EtoX 

0.51 

0.55 

0.67 

0.41 

ESSi 

gw 

KEIfl 

0.58 

msm 

0.78 

0.82 


0.42 

Bm 


1.32 


'r 



0.29 


1.21 

JE3M 

giKTai 





0.28 






MtlJill 

0.69 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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MOTOROLA TECHNICAL DATA 


NAN5 NAN5H 


FUNCTIONAL DIAGRAM: NANS 


A 

B 

C 

D 

E 



2X for NAN5H 
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NAN6CH 


MOTOROLA TECHNICAL DATA 


6-Input NAND Gate 2X Drive NAN6CH 

with Complementary 1X Drive 
(3.3 V and 5 V Core Voltage) 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


5V 


Parameter 


Propagation Delay, 

EtoX _ 

Propagation Delay, 
FtoX 


Propagation Delay, 
XtoY 


Output Rise Time, X 


Output Fall Time, X 
Output Rise Time, Y 




FO=2 I FO=8 
NAN6CH 












K(ns/pF) 


1.07 

0.42 

0.69 

0.41 



Rev. 1.07 




•Kit 



Capacitance per fanout = 0.05 pF (metal capacitance is not Included). 


FUNCTIONAL DIAGRAM: NAN6CH 
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NAN8H 


MOTOROLA TECHNICAL DATA 


8-Input NAND Gate, 2X Drive 
(3.3 V and 5 V Core Voltage) 


FUNCTION TABLE 


A 

B 

C 

D 

E 

F 

G 

H 

X 

L 

X 

X 

X 

X 

X 

X 

X 

H 

X 

L 

X 

X 

X 

X 

X 

X 

H 

X 

X 

L 

X 

X 

X 

X 

X 

H 

X 

X 

X 

L 

X 

X 

X 

X 

H 

X 

X 

X 

X 

L 

X 

X 

X 

H 

X 

X 

X 

X 

X 

L 

X 

X 

H 

X 

X 

X 

X 

X 

X 

L 

X 

H 

X 

X 

X 

X 

X 

X 

X 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 


MACRO 

EQUIV. GATES 

NAN8H 

7 


MACRO 

OUTPUTS/INPUTS 

NAN8H 

X/A-H 


MACRO 

INPUT CAP. 

NAN8H 

A-H; 0.05pF 


NAN8H 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. __ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

FO=0 1 FO=2 

FO=8 1 K(n8/pF) 

FO=0 1 FO=2 1 FO=8 | K (ns/pF) 

NAN8H 1 

*PLH 

Propagation Delay, 

AtoX 

0.41 

0.45 

0.57 

0.41 

0.63 

0.68 

0.86 

0.58 

Vhl 

0.83 

0.88 

1.06 

0.57 

1.10 

1.18 

1.40 

0.76 

tpLH 

Propagation Delay, 

BtoX 

0.49 

0.53 

0.65 

0.41 

0.71 

0.77 

0.94 

0.58 

tpHL 

0.86 

0.92 

1.09 

0.57 

1.15 

1.22 

1.45 

0.76 

tpLH 

Propagation Delay, 

CtoX 

0.55 

0.59 

0.72 

0.42 

0.80 

0.86 

1.03 

0.58 

tpHL 

0.88 

0.94 

1.11 

0.57 

1.20 

1.28 

1.51 

0.76 

tpLH 

Propagation Delay, 

DtoX 

0.58 

0.62 

0.75 

0.42 

0.84 

0.90 

1.08 

0.58 

tpHL 

0.86 

0.91 

1.09 

0.57 

1.21 

1.28 

1.51 

0.76 

^PLH 

Propagation Delay, 

EtoX 

0.43 

0.48 

0.60 

0.41 

0.67 

0.73 

0.90 

0.58 

IPHL 

0.83 

0.89 

1.06 

0.57 

1.09 

1.17 

1.40 

0.76 

^PLH 

Propagation Delay, 

FtoX 

0.52 

0.56 

0.68 

0.41 

0.76 

0.82 

0.99 

0.58 

tpHL 

0.87 

0.93 

1.10 

0.57 

1.14 

1.22 

1.45 

0.76 

Hh 

Propagation Delay, 

GtoX 

0.59 

0.63 

0.75 

0.41 

0.84 

0.90 

1.08 

0.58 

tpHL 

0.89 

0.95 

1.12 

0.57 

1.21 

1.28 

1.51 

0.76 

tpLH 

Propagation Delay, 

HtoX 

0.62 

0.66 

0.78 

0.42 

0.89 

0.95 

1.12 

0.58 

Vhl 

0.87 

0.92 

1.09 

0.57 

1.21 

1.28 

1.51 

0.76 

tr 

Output Rise Time, X 

0.27 

0.39 

0.76 

1.21 

0.30 

0.47 

0.98 

1.71 

‘f 

Output Fall Time, X 

0.23 

0.32 

0.61 

0.96 

0.28 

0.41 

0.78 

1.23 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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N0R2 N0R2H N0R2B 

motorola technical data 


2-lnput NOR Gate NOR2 

1X&2X Drive NOR2H 

(3.3 V and 5 V Core Voltage) NOR2B 



FUNCTION TABLE 


a 

B 

X 

L 

L 

H 

L 

H 

L 

H 

L 

L 

H 

H 

L 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) ail units are in ns._ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

FO=0 I FO=2 I FO=8 | K(ns/pF) 

FO=0 1 FO=2 1 FO=8 | K (ns/pF) 

NOR2 I 

Vlh 

Propagation Delay, 

AtoX 

0.18 

0.34 

0.82 

1.60 

0.22 

0.45 

1.16 

2.35 

Vhl 

0.21 

0.28 

0.51 

0.76 

0.29 

0.38 

0.65 

0.91 

Hh 

Propagation Delay, 

BtoX 

0.16 

0.32 

0.81 

1.60 

0.23 

0.46 

1.17 

2.36 

tpHL 

0.24 

0.31 

0.54 

0.76 

0.32 

0.41 

0.69 

0.91 

v 

Output Rise Time, X 

0.26 

0.75 

2.21 

4.86 

0.36 

1.06 

3.17 

7.01 

_!f_ 

Output Fall Time, X 

0.19 

0.31 

0.65 

1.15 

0.21 

0.35 

0.78 

1.41 

NOR2H I 

Vlh 

Propagation Delay, 

AtoX 

0.18 

0.26 

0.50 

0.80 

0.22 

0.34 

0.69 

1.18 

¥hl 

0.18 

0.22 

0.33 

0.38 

0.26 

0.30 

0.44 

0.46 

tpLH 

Propagation Delay, 

BtoX 

0.17 

0.25 

0.49 

0.80 

0.23 

0.35 

0.70 

1.18 

tpHL 

0.21 

0.25 

0.36 

0.38 

0.29 

0.34 

0.48 

0.46 

v _ 

Output Rise Time, X 

0.29 

0.53 

1.26 

2.42 

0.36 

0.71 

1.76 

3.50 

_tf_ 

Output Fall Time, X 

0.22 

0.27 

0.44 

0.55 

0.23 

0.30 

0.50 

0.68 

NOR2B I 

tpLH 

Propagation Delay, 

AtoX 

0.12 

0.20 

0.44 

0.80 

0.17 

0.29 

0.64 

1.17 

Vhl 

0.27 

0.34 

0.57 

0.75 

0.34 

0.43 

0.70 

0.91 

tpLH 

Propagation Delay, 

BtoX 

0.10 

0.18 

0.42 

0.80 

0.17 

0.29 

0.64 

1.18 

tpHL 

0.32 

0.39 

0.62 

0.76 

0.39 

0.48 

0.76 

0.91 


Output Rise Time, X 

0.27 

0.52 

1.24 

2.41 

0.32 

0.67 

1.72 

3.49 

_ k_ 

Output Fall Time, X 

0.24 

0.36 

0.70 

1.15 

0.26 

0.40 

0.82 

1.41 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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NOR2 NOR2H NOR2B 
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N0R3 N0R3H 


MOTOROLA TECHNICAL DATA 


3-Input NOR3 Gate 
1X&2X Drive 

(3.3 V and 5 V Core Voltage) 



FUNCTION TABLE 


A 

B 

C 

X 

L 

L 

L 

H 

X 

X 

H 

L 

X 

H 

X 

L 

H 

X 

X 

L 


NOR3 

NOR3H 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

1 

3.3 V 1 

M JIB 

FO=0 




Propagation Delay, 

AtoX 




2.42 




3.61 


0.22 

0.30 

0.52 

0.76 

ESDI 



0.91 

■3m 

Propagation Delay, 

BtoX 


0.54 

1.27 

2.42 




3.62 

■sm 


0.32 

0.55 

0.76 


keei 

g»W 

0.91 

■SBB 

Propagation Delay, 

CtoX 


0.54 

1.27 


ceei 



3.62 

■Sfll 

Wtiiai 

0.32 

0.55 

0.76 




0.92 

'r 

Output Rise Time, X 

0.57 

1.30 

3.50 

7.34 

EEEi 

UiiJI 


10.63 

k 

Output Fall Time, X 

0.25 

0.37 

0.71 

1.15 

giiEna 


0.84 

1.41 

NOR3H I 

H3VIH 

Propagation Delay, 

AtoX 

0.64 

0.68 

0.81 

0.43 

K»T:Hi 



0.59 

1SIM 

0.47 

0.51 


0.39 


ebi 


0.47 

H!3iB 

Propagation Delay, 

BtoX 

0.65 

0.69 


0.43 

gilETia 

KiIiM 


0.59 

■9!Hi 

0.51 



0.39 




0.47 

Maw 

Propagation Delay, 

CtoX 

0.51 



0.42 

! 0.69 

0.75 

0.93 


HSH 

0.55 

0.59 

0.71 

0.39 

EE9 


UESi 

0.47 

tr 

Output Rise Time, X 

0.22 

0.34 

■0031 

1.20 

■tW 


EES 

1.69 

tf 

Output Fall Time, X 

0.20 

0.26 

0.43 

0.57 


MiliM 


0.68 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


FUNCTIONAL DIAGRAM: NOR3 FUNCTIONAL DIAGRAM: NOR3H 

^DD 
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Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


FUNCTIONAL DIAGRAM: NOR4 



2X for NOR4H 


H4CPIUS Series Design Reference Guide 


MOTOROLA 

7-317 

































































N0R5 N0R5H 

MOTOROLA TECHNICAL DATA 


5-Input NOR Gate, 1X & 2X Drive 
(3.3 V and 5 V Core Voltage) 



FUNCTION TABLE 


A 

B 

C 

D 

E 

X 

L 

L 

L 

L 

L 

H 

X 

X 

X 

X 

H 

L 

X 

X 

X 

H 

X 

L 

X 

X 

H 

X 

X 

L 

X 

H 

X 

X 

X 

L 

H 

X 

X 

X 

X 

L 


N0R5 

N0R5H 



CMOS SWITCHING CHARACTERISTICS 

(input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5V 1 

3.3 V 

FO=0 

FO=2 1 FO=8 1 K(ns/pF) | 

FO=0 1 FO=2 1 FO=8 | K (ns/pF) 







0.82 



■Bi 

1.16 

■91HI 

0.44 

0.51 

0.74 

0.76 

112^ 


fBEM 

0.91 

■an 

Propagation Delay, 

BtoX 


KE3I 

1.17 


liJtB 

M^>M 

MEM 

1.16 

MBSM 

0.48 


0.78 

0.76 

El^l 

HkiiirdiM 

KEfSi 

0.92 

WBSM 

Propagation Delay, 

CtoX 

0.84 


1.17 

0.83 



mhem 

1.16 

igiiM 

0.48 

0.55 

0.78 

0.76 

EEB 


BE9 

0.92 


Propagation Delay, 

DtoX 

0.58 

0.67 


0.83 

0.82 

0.94 

1.28 

1.16 

— 

0.48 

0.55 

WEB3M 

0.76 




0.92 


Propagation Delay, 

EtoX 

0.60 

0.68 

KEBI 

0.83 

EES 

EEQI 


1.16 

■9M 

0.51 

■illitiM 

KE3II 

0.76 



MHM 

0.92 

>r 



M»g|cM 

1.16 

2.43 



1^1 

3.44 

>1 





1.18 






H9l9ii 





0.42 


MEM 

BEfil 

0.60 

■ana 

0.49 

0.53 


0.39 

0.74 

MjjUgll 


0.47 

■am 

Propagation Delay, 

BtoX 

0.91 

0.95 

1.08 

0.42 

1.29 




■am 

0.53 

0.57 

0.69 

0.38 


mem 


0.48 

■alia 

Propagation Delay, 

CtoX 


0.95 



■KQI 

1.40 

■^i 

0.60 

■am 


0.57 


0.38 

0.80 

0.85 

0.99 

0.47 

■sm 

Propagation Delay, 

DtoX 

■iW 



0.42 

0.88 

0.94 

1-12 

0.59 

■am 



0.68 

0.39 




0.47 

tpLH 

Propagation Delay, 

EtoX 

0.64 


0.81 

0.43 




0.59 

Vhl 

0.56 

0.60 



1 0.80 

0.85 

0.99 

0.48 

'r 

Output Rise Time, X 

0.23 

0.35 


1.18 


eeei 


1.69 

_ 

Output Fall Time, X 

0.20 

0.26 

0.42 

0.55 

0:26 

0.32 

0.53 

0.68 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


FUNCTIONAL DIAGRAM: NOR5 
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N0R6CH 


MOTOROLA TECHNICAL DATA 


6-Input NOR Gate 2X Drive 

with Complementary Output 1X Drive 

(3.3 V and 5 V Core Voltage) 


MACRO 

EQUIV. GATES 

NOR6CH 

6 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

NOR6CH 

X,Y/A-F 


MACRO 

INPUT CAP. 

NOR6CH 

A-F: 0.05pF 


FUNCTION TABLE 


A 

B 

C 

D 

E 

F 

ID 

Y 

L 

L 

L 

L 

L 

L 

H 

L 

X 

X 

X 

X 

X 

H 

L 

H 

X 

X 

X 

X 

H 

X 

L 

H 

X 

X 

X 

H 

X 

X 

L 

H 

X 

X 

H 

X 

X 

X 

L 

H 

X 

H 

X 

X 

X 

X 

L 

H 

H 

X 

X 

X 

X 

X 

L 

H 


NOR6CH 


NOR6CH 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. _ Rev. 1.07 


Sym 

Parameter 

5V 

1 3.3 V 1 


ijsHilEESibsSilKlCBiHifli 


MSHM 

Propagation Delay, 

AtoX 

0.88 

0.92 

■UsB 

0.42 


MBTiM 


0.59 

— 

0.52 

0.56 


0.38 

MiikkM 


iltlsUi 

0.47 

BB3BB 

Propagation Delay, 

BtoX 

0.94 

0.98 


0.41 

Mism 


■ES 

0.59 

H9!Hi 

0.56 



0.38 

1 0.80 

0,84 


0.47 

■Sffli 


0.94 

0.98 


0.41 

MJKSm 


1.61 

0.59 

■M 

0.56 


0.71 

0.38 



MEM 

0.47 

■m 

Propagation Delay, 

DtoX 

0.85 



0.42 

mmv.m 

jgEM 


0.59 

— 

0.56 

0.60 

0.72 

0.38 

fclfiM 

eeei 

mwm 

0.47 



0.88 

0.92 

1.05 

0.42 


■EEI 


0.59 


0.60 


0.75 

0.38 

tim 


■ES 

0.47 

■BSM 



BBIiiai 


0.42 

\ 1-31 

■ESI 

mem 

0.59 

M5Wi 


■ifAM 


0.38 




0.47 

BPUfWi 

Propagation Delay, 

XtoY 

0.08 

0.16 


0.83 

ESEi 

fESM 


1.15 

H9IH 

0.14 

0.21 

0.44 

0.76 

EES 

EEQI 


0.91 

»r 

Output Rise Time, X 




1.18 

EES 


mm 

1.70 

tf 

Output Fall Time, X 


0.29 

0.46 

0.57 


MItIcW 

0.56 

0.69 

tr 

Output Rise Time, Y 

0.17 

0.41 

1.13 

2.42 

0.19 

0.53 

1.56 

3.44 

_L 

Output Fall Time, Y 

0.15 

0.26 

0.61 

1.17 

0.20 

0.34 

0.77 

1.40 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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NOR8H 


MOTOROLA TECHNICAL DATA 


8-Input NOR Gate 
2X Drive 

(3.3 V and 5 V Core Voltage) 


MACRO 

EQUIV. GATES 

NOR8H 

7 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

NOR8H 

X/A-H 


MACRO 

INPUT CAP. 

NOR8H 

A-H: 0.05pF 


FUNCTION TABLE 


A 

B 

C 

D 

E 

F 

GF 

H 

X 

L 

L 

L 

L 

L 

L 

L 

L 

H 

X 

X 

X 

X 

X 

X 

X 

H 

L 

X 

X 

X 

X 

X 

X 

H 

X 

L 

X 

X 

X 

X 

X 

H 

X 

X 

L 

X 

X 

X 

X 

H 

X 

X 

X 

L 

X 

X 

X 

H 

X 

X 

X 

X 

L 

X 

X 

H 

X 

X 

X 

X 

X 

L 

X 

H 

X 

X 

X 

X 

X 

X 

L 

H 

X 

X 

X 

X 

X 

X 

X 

L 


NOR8H 



CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 1 

FO=0 1 FO=2 1 FO=8 | K(ns/pF) 



NOR8H I 

iKim 

Propagation Delay, 

AtoX 



0.99 

0.45 

1.11 


■EB 

0.64 



0.52 

0.64 

0.40 

mem 



0.48 


Propagation Delay, 

BtoX 

0.82 

0.86 

1.00 

0.45 


1.19 

EEa 

0.64 

IBM 

0.52 

0.56 

0.68 

0.39 

Esa 

0.81 


0.49 

WEsm 


0.86 

0.90 

1.04 

0.45 

Ulil 

■ESI 

KESM 

0.64 

HSfiH 

0.55 

0.59 

0.71 

0.39 

' 0.80 


EESI 

0.49 


Propagation Delay, 

DtoX 

0.86 

0.91 

1.04 

0.45 



EE£I 

0.65 

■I9M 

0.58 

0.62 


0.40 



eeb 

0.49 

■sni 

Propagation Delay, 

EtoX 

0.89 

0.94 

1.08 

0.45 


1'icM 


0.65 

■9M 

0.60 

0.64 

0.76 





0.50 

ISM 

Propagation Delay, 

F,G to X 

0.90 

0.95 

1.08 

0.45 


1.32 



HBIIill 

0.64 

0.68 

0.80 

0.40 

EEEI 

EEa 

BUM 

0.49 

■SIM 

Propagation Delay, 

HtoX 


0.94 


0.45 


mmm 


0.64 


0.66 

0.71 


0.41 

1 0.96 

■lUlM 

gwa 

0.51 

‘r 

Output Rise Time, X 


0.38 

0.74 

1.18 


Elsa 

EE3 

1.68 

^ _ 

Output Fall Time, X 

MtW 

0.30 


0.56 

EES 

■OEM 

E^l 

0.69 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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MOTOROLA TECHNICAL DATA 


OA21H 


2,1-Input OR-AND Gate 
2X Drive 

(3.3 V and 5 V Core Voltage) 


MACRO 

EQUIV. GATES 

OA21H 

3 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

OA21H 

X/A-C 


MACRO 

INPUT CAP. 

OA21H 

A-C: 0.05pF 


FUNCTION TABLE 


A 

B 

C 

X 

X 

X 

L 

L 

H 

X 

H 

H 

X 

H 

H 

H 

L 

L 

X 

L 


OA21H 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) ail units are in ns._Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 




■9m 

Propagation Delay, 

AtoX 

0.42 

0.46 

0.59 

0.43 

1019 

OOl 


0.60 

■9m 

0.53 


0.70 

0.42 

ESQI 



0.54 

■9m 

Propagation Delay, 

BtoX 

IIQQIIIII 

0.52 


0.43 


0.69 


0.60 

■am 

Kl^ii 

0.56 


0.42 

■•UJI 

mjjcg 


0.54 

l■9l!■ 

Propagation Delay, 

CtoX 

0.52 



0.42 


OKI 


0.59 

msm 

0.44 

0.49 


0.41 



■iliM 

0.51 

tr 

Output Rise Time, X 

0.20 

0.32 


1.20 




1.68 

tf 

Output Fall Time, X 

0.27 



0.55 

■ilKICM 


02^1 

0.70 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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OA22H 

MOTOROLA TECHNICAL DATA 


2-Wide, 2-Input OR-AND Gate OA22H 

2X Drive 

(3.3 V and 5 V Core Voltage) 




CMOS SWITCHING CHARACTERISTICS 


(Input Ed 

ge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


Rev. 1.07 

Sym 

Parameter 

5V 

X3V 

FO=0 I FO=2 I FO=8 

K (ns/pF) 



OA22H 


■3m 

Propagation Delay, 

AtoX 


0.45 

0.58 

0.42 

L0.57 

0.63 

0.81 

0.59 

!_Vhl 

0.75 

0.80 


0.45 

KW 



0.56 

■3IH 

Propagation Delay, 

BtoX 




0.43 


UsMU 

ElsIS 

0.59 

■sm 

WBSM 

■■■ 

■RgQi 

0.45 

1.13 


■ESI 

0.56 

■sm 

Propagation Delay, 

CtoX 

0.47 

■MtW 

0.64 

0.43 

0.63 

0.69 

0.87 

0.60 

MBSm 


0.60 

0.74 

0.44 


BiT:gi 


0.58 

■sm 

Propagation Delay, 

DtoX 

0.47 

0.51 

0.64 




EESi 

0.60 

■sm 


0.56 


0.42 

0.77 

0.82 

0.98 

0.54 


Output Rise Time, X 

MillfcM 

0.31 


1.20 

0.23 

0.40 

0.90 

1.68 

HHHI 

Output Fall Time, X 

0.36 

0.41 

0.59 

0.57 



ifilrill 

0.71 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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OAI21 OAI21H 

MOTOROLA TECHNICAL DATA 


2,1-Input OR-AND-INVERT Gate, IX and 2X Drive 
(3.3 V and 5 V Core Voltage) 



FUNCTION TABLE 


A 

B 

C 

X 

H 

X 

H 

L 

X 

H 

H 

L 

H 

X 

X 

L 

X 

H 

X 

L 

L 

L 

X 

H 

X 

X 

L 

H 


OAI21 

OAI21H 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

FO=0 1 FO=2 1 FO=8 

K (ns/pF) 

FO=0 1 FO=2 1 FO=8 | K (ns/pF) 

OAI21 1 

Vlh 

Propagation Delay, 

AtoX 

0.19 

0.35 

0.83 

1.61 

0.25 

0.49 

1.20 

2.36 

tpHL 

0.26 

0.38 

0.72 

1.14 

0.35 

0.50 

0.95 

1.50 

_Wl_ 

Propagation Delay, 

BtoX 

0.17 

0.33 

0.82 

1.61 

0.27 

0.50 

1.21 

2.36 

— 

0.31 

0.43 

0.77 

1.14 

0.40 

0.55 

1.00 

1.50 

HSiH 

Propagation Delay, 

CtoX 




0.82 



ebi 

1.16 

■9M 


0.44 

0.78 

1.14 

TOM 

Usmi 

BESi 

1.50 

tr 

Output Rise Time, X 




4.86 

E&B 

MWIM 


7.01 

Jl 




1.07 

1.97 

TO!iB 



2.55 


WESSU 





0.80 




1.18 

■SH 

0.25 

0.30 


0.57 


MM 


0.75 

WE5EM 

Propagation Delay, 

BtoX 

0.17 

0.25 

0.50 

0.80 


0.38 


1.18 

WBS!M 

0.29 

0.35 

0.52 

0.57 


0.46 

0.68 

0.75 

MSKM 



0.24 

0.36 

0.41 



MM 

0.58 

■SfflB 


0.37 

0.54 

0.57 

TOM 


HiUsM 


tr 

Output Rise Time, X 

0.41 

0.65 

1.37 

2.42 

0.51 

0.85 

1.90 

3.50 

tf 

Output Fall Time, X 

0.29 

0.39 

0.68 

0.96 

0.33 

0.45 

0.82 



Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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0AI211 OAI211H 


MOTOROLA TECHNICAL DATA 


2,1,1-Input OR-AND-INVERT Gate OAI211 

IX &2X Drive OAI211H 

(3.3 V and 5 V Core Voltage) 



FUNCTION TABLE 


A 

B 

c 

D 

X 

H 

X 

H 

H 

L 

X 

H 

H 

H 

L 

L 

L 

X 

X 

H 

X 

X 

L 

X 

H 

X 

X 

X 

L 

H 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

F0=0 1 FO=2 1 FO=8 | K(ns/pF) 

FO=0 1 FO=2 1 F0=8 | K (ns/pF) 

OAI211 1 


Propagation Delay, 

AtoX 




1.61 


0.51 

1.22 



0.26 

0.38 

0.72 

1.14 

MtTklM 

TOM 

1.22 

2.10 1 

iHglH 

Propagation Delay, 

BtoX 

0.17 

0.33 

KIsS 

1.61 

0.29 

TOM 

1.23 



0.31 

0.43 


1.14 

TOM 


1.30 

2.11 


Propagation Delay, 

CtoX 

0.21 

0.29 

0.54 

0.82 



0.75 

1.16 



0.44 

0.78 

1.14 

ESS 


1.38 

2.11 

'■SH 

Propagation Delay, 

DtoX 

kqqh 


0.54 

0.82 

EES 

TOM 

TOM 

1.16 

'msm 


0.44 

0.78 

1.14 



MMM 

2.11 

‘r 

Output Rise Time, X 


0.88 

2.34 

4.86 

EES 

TOcIcl 

3.44 

7.01 

_?1_ 

Output Fall Time, X 

0.28 

0.48 

1.07 

1.97 

0.44 

0.81 

1.90 

3.67 

OAI211H 1 

H9BI 

Propagation Delay, 

AtoX 




0.29 



1.05 

0.40 1 

— 


0.74 

0.82 

0.27 


EES 



H!3I!H 

Propagation Delay, 

BtoX 



0.73 

0.28 


EES 

1.06 

0.39 

— 



0.88 

0.28 

KES 



0.34 


Propagation Delay, 

CtoX 


0.61 

0.69 

0.28 


EES 


0.39 

HD9!llii 




0.27 

BQI 

1.21 


0.35 

WBSKM 

Propagation Delay, 

DtoX 



■•MB 

0.28 

1 0.88 

mm 


0.40 



0.87 

0.95 

0.28 

MKWM 



0.35 

v 

Output Rise Time, X 



0.51 

0.78 

0.22 

0.33 

0.67 

1.11 

tf 

Output Fall Time, X 



0.38 

0.37 

0.28 

0.33 

0.46 

0.45 


Capacitance per fanout = 0.05 pF (metal capacitance Is not Included). 
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MOTOROLA TECHNICAL DATA 


OAI211 OAI211H 


FUNCTIONAL DIAGRAM: OAI211 
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OAI22 OAI22H 


MOTOROLA TECHNICAL DATA 


2-Wide, 2-Input OR-AND-INVERT Gate 
1X&2X Drive 

(3.3 V and 5 V Core Voitage) 


OAi22 

OAI22H 




FUNCTION TABLE 


A 

B 

C 

D 

X 

H 

X 

H 

X 

L 

X 

H 

H 

X 

L 

H 

X 

X 

H 

L 

X 

H 

X 

H 

L 

L 

L 

X 

X 

H 

X 

X 

L 

L 

H 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 1 

FO=0 1 FO=2 1 FO=8 | K(ns/pF) 

FO=0 1 FO=2 1 FO=8 

K(ns/pF) 1 

OAI22 I 

WESBM 

Propagation Delay, 

AtoX 

0.33 

0.49 

0.97 

1.61 

EEEl 


wnsm 

2.36 


0.31 


0.77 

1.14 

EEB 

EBi 


1.50 

HRH 

Propagation Delay, 

BtoX 

0.35 



1.60 


ESB 

mwifm 

2.36 

■SIS 

0.32 

0.40 


0.86 

ESDI 

EBI 


1.13 

■sn 


0.19 

0.35 


1.61 


0.48 


2.36 





1.14 

WSKSM 

IliM 

wmm 

1.50 

H9HH 

Propagation Delay, 

DtoX 




1.60 



1.20 

2.36 






BilcM 



1.18 

_5r 

Output Rise Time, X 

0.74 


B^9 

4.87 



Bcl:M 

7.01 

HBH 

Output Fall Time, X 

0.28 

0.48 

1.07 

1.97 

0.29 

0.54 

1.31 

2.55 

OAI22H 1 

_?PLH_ 

Propagation Delay, 

AtoX 

KE3i 



0.29 

MEM 

MWZM 

BEB 

0.40 




tisrai 

0.27 


MKSm 

meem 

0.34 

Km 

Propagation Delay, 

BtoX 


hub 

0.97 

0.28 

||||{(2sJ| 

mem 

MESM 

0.40 

— 


heib 

0.78 

0.27 






Propagation Delay, 

CtoX 

0.64 

0.67 

hmb 

0.29 

mmm 


niKiyi 

0.40 

— 



HlksU 

0.27 




0.34 


Propagation Delay, 

DtoX 



yitlbcM 

0.29 

I3S9I 

msebm 

Kiilfcli 

0.39 

■mi 




0.27 


jEEM 

gWiW 

0.34 

'r 





0.76 

MEM 

eeei 


1.11 



0.21 



0.37 


EESI 


0.45 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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MOTOROLA TECHNICAL DATA 


OAI22 OAI22H 
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ONDAI22 ONDAI22H 


MOTOROLA TECHNICAL DATA 


2-Input OR + 2-Input NAND Gate ONDAI22 

1X&2X Drive ONDAI22H 

(3.3 V and 5 V Core Voltage) 




CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

__I 

3.3 V 1 





Propagation Delay, 

AtoX 

HDSi 

0.35 


1.61 



■Qi 

2.36 

H!9!H 


0.38 


1.14 

0.35 

0.50 


1.50 

MSfM 

Propagation Delay, 

BtoX 

0.18 

0.34 


1.61 

ieem 



2.36 

HSAH 

0.31 


0.77 

1.14 

EE&I 



1.50 

■9H 

Propagation Delay, 

CtoX 

0.46 


0.79 

0.83 




1.16 

•msm 

0.36 

0.47 

0.81 

1.14 



KUFJi 

1.51 

MSHM 

Propagation Delay, 

DtoX 

0.46 

0.54 

0.79 




BE3i 

1.16 

WBSSM 

0.43 

0.55 

kub 

1.14 



wasM 

1.51 

. ‘r . 

Output Rise Time, X 

0.40 

0.88 


4.87 


mWtkM 

eeei 

7.01 

_t,_ 

Output Fall Time, X 


0.48 

1.08 

1.99 



bes 

2.55 

ONDAI22H I 


Propagation Delay, 

AtoX 

0.18 


0.50 

0.80 

iitW 



1.18 

■sm 



0.47 

0.57 

EES 

MU 


0.75 

l■!9ni 

Propagation Delay, 

BtoX 

fiW 



0.80 

1 0.26 

0.38 

0.73 

1.19 

■l9!Hi 

0.29 


0.52 



MM 

MM 

0.75 

■an 

Propagation Delay, 

CtoX 

0.51 


0.68 

0.42 



MM 

0.59 

■SH 

0.42 

0.48 

0.65 

0.57 

1 0-61 

0.69 

0.91 

0.76 

■9m 

Propagation Delay, 

DtoX 

0.51 

0.55 

0.68 

0.41 

EIEI 

E&l 


0.58 

■9m 

0.49 

0.54 

0.72 

0.57 

UtMH 


MM 

0.76 

‘r 

Output Rise Time, X 

0.41 

0.65 

1.38 

2.42 



■EB 

3.50 

■■ 

Output Fall Time, X 

0.29 

0.39 

0.68 

0.97 

EEEI 

EESi 


1.24 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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MOTOROLA TECHNICAL DATA 


ONDAI22 ONDAI22H 
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OR2 0R2H 



MOTOROLA TECHNICAL DATA 



2-Input OR Gate OR2 

1X&2X Drive OR2H 

(3.3 V and 5 V Core Voltage) 


FUNCTION TABLE 


A 

B 

X 

L 

L 

L 

L 

H 

H 

H 

L 

H 

H 

H 

H 




CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

FO=0 I FO=2 I FO=8 | K(ns/pF) 

FO=0 1 FO=2 1 FO=8 | K (ns/pF) 

OR2 I 


Propagation Delay, 

AtoX 




0.83 




1.15 

KIM 


0.50 


0.77 



eki 

0.94 

KM 

Propagation Delay, 

BtoX 






HKiljjcii 

0.88 

1.15 

KM 

0.44 


0.74 

0.76 



0.98 

0.94 

tr 

Output Rise Time, X 

0.17 

lEESH 

1.14 

2.42 


gifsai 


3.45 

_tf 

Output Fall Time, X 

0.20 

0.31 

0.66 

1.15 



EES 

1.41 

OR2H I 

KM 

Propagation Delay, 

AtoX 




0.41 




0.58 

KM 

MiTEM 



0.41 


EBI 

EES 

0.53 

KM 

Propagation Delay, 

BtoX 

0.36 


0.52 

0.41 



EBB 

0.58 

H9!H 

0.53 


0.69 

0.41 


0.80 

0.96 

0.52 

‘r 

Output Rise Time, X 

0.15 


0.63 

1.21 


0.37 


1.72 

_!l_ 

Output Fall Time, X 

0.27 


0.49 

0.56 


EK 


0.70 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


FUNCTIONAL DIAGRAM: OR2 


A 

B 




X 


MXforOR2 
2X for OR2H 
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0R3 0R3H 

MOTOROLA TECHNICAL DATA 


3-Input OR Gate 0R3 

1X&2X Drive OR3H 

(3.3 V and 5 V Core Voltage) 



FUNCTION TABLE 


A 

B 

C 

X 

L 

L 

L 

L 

L 

X 

H 

H 

X 

H 

X 

H 

H 

X 

X 

H 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5V 

3.3 V 

FO=0 

FO=2 1 FO=8 1 K(ns/pF) 

FO=0 1 FO=2 1 FO=:8 | K (ns/pF) 

I OR3 I 

■aw 

Propagation Delay, 

AtoX 



0.61 

0.82 

BOB 


0.87 

1.15 

HSMl 


0.70 

0.94 

0.81 

1 0.89 

0.99 

1.29 

1.01 

■am 

Propagation Delay, 

BtoX 


0.40 


0.82 



ElsUi 

1.16 

■am 


0.75 


0.81 



EES 

1.01 

■am 

Propagation Delay, 

CtoX 

0.32 

0.40 

0.65 

0.82 

BE9 


eeeb 

1.16 

■alHi 




0.81 

mmm 

1.13 

eeei 

1.00 

‘r 

Output Rise Time, X 



■BEB 

2.44 

Em 

EEEI 

KI.-M 

3.45 

»! 

Output Fall Time, X 


0.41 


1.14 

I 0.38 

Ell^i 

eeeb 

1.40 


B09IMI 

Propagation Delay, 

AtoX 

0.34 



0.41 



EQI 

0.58 

H9!IH 

0.74 

KE9I 

Ksm 

0.46 



BEO 

0.61 

WBSKU 

Propagation Delay, 

BtoX 

0.36 

0.40 

0.53 

0.41 

0.50 

0.56 


0.59 

BBSSIB 

0.79 


0.97 

0.46 

1.17 

1.23 


0.60 

BBWBI 

Propagation Delay, 

CtoX 

0.36 



0.41 


esb 

0.76 

0.59 

HSHi 

0.79 

Wii;V 


0.46 

mem 

E^i 

1.45 

0.61 

<r 

Output Rise Time, X 

0.15 



1.21 



ieeqi 

1.70 

tf 


0.39 

keb 

■TiTSMI 

0.57 



EUE 

0.72 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


FUNCTIONAL DIAGRAM: OR3 


A 

B 

C 



MX for OR 
2X for OR3H 
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OR4 OR4H 


MOTOROLA TECHNICAL DATA 


4-Input OR Gate, 1X & 2X Drive OR4 

(3.3 V and 5 V Core Voltage) OR4H 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 




WESBM 

Propagation Delay, 

I 0.34 I 

— 

AtoX 


H9l!H 

Propagation Delay, 

keb 

_feui_ 

BtoX 

1.00 



Output Fall Time, X 



Capacitance per fanout = 0.05 pF (metal capacitance is not Included). 



FUNCTIONAL DIAGRAM: OR4 FUNCTIONAL DIAGRAM: OR4H 


Mdd 
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OR8H 


MOTOROLA TECHNICAL DATA 


8-Input OR Gate, 2X Drive 
(3.3 V and 5 V Core Voltage) 


MACRO 

EQUIV. GATES 

OR8H 

8 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

OR8H 

X/A-H 


MACRO 

INPUT CAP. 

OR8H 

A-H: 0.05pF 


FUNCTION TABLE 


A 

B 

C 

D 

E 

F 

G 

H 

X 

L 

L 

L 

L 

L 

L 

L 

L 

L 

X 

X 

X 

X 

X 

X 

X 

H 

H 

X 

X 

X 

X 

X 

X 

H 

X 

H 

X 

X 

X 

X 

X 

H 

X 

X 

H 

X 

X 

X 

X 

H 

X 

X 

X 

H 

X 

X 

X 

H 

X 

X 

X 

X 

H 

X 

X 

H 

X 

X 

X 

X 

X 

H 

X 

H 

X 

X 

X 

X 

X 

X 

H 

H 

X 

X 

X 

X 

X 

X 

X 

H 


OR8H 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5V 

1 3.3 V 

FO=0 1 FO=2 1 FO=8 | K (ns/pF) 

1 FO=0 1 FO=2 1 FO=8 

K(n8/pF)| 

OR8 1 

■an 

Propagation Delay, 

AtoX 




0.41 

EESi 

■ifecM 


0.58 

WEssm 




0.98 


■■I 

■Egi 

1.37 

■an 



0.41 

0.53 

0.41 

ESI 

BiliFa 


0.58 

■aas 


0.73 

1.03 

0.98 

1 0.88 

aiTiM 

BEEI 

1.37 

laiBi 



0.42 


0.41 



WSSM 

0.58 


0.68 

0.78 

1.07 

0.97 

Ksiom 

MSM 

■01 

1.37 



0.41 

0.45 


0.41 



EES 

0.58 

HafH 

0.68 

0.78 

1.07 



MEM 

BES 

1.37 

■an 




0.57 

0.42 

0.58 

Btisga 

EEDI 

0.59 

■an 



b 

CO 

0.98 

0.99 

MMPM 


1.38 

■an 

Propagation Delay, 

FtoX 

0.44 

0.48 

0,61 

0.42 

0.62 


■■1 

0.59 

■an 

0.70 



0.99 

1.00 

MMM 

BE9I 

1.38 

■an 

Propagation Delay, 

GtoX 



0.57 

■0091 

0.62 


EES 

0.59 

■an 

0.70 


1.09 

0.98 



■OS 

1.38 

■an 

Propagation Delay, 

HtoX 



0.61 

0.42 





■an 


0.79 

1.09 

0.99 




■131 

•r 

Output Rise Time, X 


0.61 

0.97 

1.21 




1.71 


Output Fall Time, X 

0.46 

0.64 

1.17 

1.78 

1 0.58 

0.81 

1.52 

2.37 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


FUNCTIONAL DIAGRAM: OR8H 
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ROT8A 

motorola technical data 

8-Bit Rotate, 1X Drive 

ROT8A 

(3.3 V and 5 V Core Voitage) 


FUNCTION TABLE 



MACRO 

EQUIV. GATES 

ROT8A 

54 

Rev. 1.07 

MACRO 

OUTPUTS/INPUTS 

ROT8A 

X0-X7/A0-A7,SL0-SL2 




MACRO INPUT CAP. 


ROT8A A0-A7,SL0-SL2; O.IOpF 




ROT8A 

AO 


A1 

XO 

A2 

XI 

A3 

X2 

A4 

X3 

A5 

X4 

A6 

X5 

A7 

X6 

SLO 

X7 

SL1 


SL2 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


5V 


K (ns/pF) 


Propagation Delay, 
SL2 to X0-X7 


Output Rise Time, X0-X7 __ 

Output Fall Time, X0-X7 | 0.4^ 

Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


Rev. 1.07 


K (ns/pF) 
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MOTOROLA TECHNICAL DATA 


8’Bit Shift Register 

with Positive Edge Triggered Clock 

(3.3 V and 5 V Core Voltage) 



SHIFTS I Q0-Q7/D,CK 


MACRO 

INPUT CAP. 

SHIFTS 

CK: 0.15pF 

D: 0.05pF 


SHIFTS 



CMOS SWITCHING CHARACTERISTICS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


Rev. 1.07 



Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


CMOS TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 
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MOTOROLA TECHNICAL DATA 


D-Type Latch with Scan 
into a D-Type 2X Drive 
(3.3 V and 5 V Core Voltage) 


SRLSSD1H 


SRLSSD1H 


FUNCTION TABLE 


MACRO 

EQUiV. GATES 

SRLSSD1H 

13 



Output Fall Time, Q2B 



0.42 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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SRLSSD1H 


MOTOROLA TECHNICAL DATA 


CMOS TIMING REQUIREMENTS 


(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 


Sym 

Parameter 

5V 

3.3V 

Minimum Requirement 

Minimum Requirement 

SRLSSD1H 

tsu 

Set Up Time, SCLK to ACLK 

1.54 

2.29 

<su 

Set Up Time, SDI to ACLK 

1.58 

2.34 

tsu 

Set Up Time, ACLK,SCLK to BCLK 

1.99 

2.82 

tsu 

Set Up Time, D,SDI to BCLK 

2.01 

3.01 

tsu 

Set Up Time, ACLK to SCLK 

1.57 

2.35 

^su 

Set Up Time, D to SCLK 

1.62 

2.42 

th 

Hold Time, ACLK to SCLK 

-0.19 

-0.12 

th 

Hold Time. ACLK to SDI 

-0.16 

-0.12 

th 

Hold Time, BCLK to ACLK 

-0.92 

-1.20 

th 

Hold Time, BCLK to D,SDI 

-0.79 

-1.06 

th 

Hold Time, BCLK to SCLK 

-0.89 

-1.12 

th 

Hold Time, SCLK to ACLK 

-0.24 

-0.29 

th 

Hold Time, SCLK to D 

-0.19 

-0.22 

tw 

Pulse Width, ACLK,SCLK(H) 

1.32 

2.06 

tw 

Pulse Width, BCLK(L) 

0.02 

0.05 

tw 

Pulse Width, BCLK(H) 

0.80 

1.11 


FUNCTIONAL DIAGRAM: SRLSSD1H 
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TBUFP TBUFPH 


MOTOROLA TECHNICAL DATA 


Non-Inverting 3-State Buffer, TBUFP 

Active High Enable 1X & 2X Drive TBUFPH 

(3.3 V and 5 V Core Voltage) 


MACRO 

EQUIV. GATES 

TBUFP 

4 

TBUFPH 

5 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

All 

X/A,EN 


FUNCTION TABLE 


A 

EN 

X 

L 

H 

L 

H 

H 

H 

X 

L 

Z 



MACRO 

INPUT CAP. 

All 

A,EN: 0.09pF 


MACRO 

OUTPUT CAP. 

TBUFP 

X: 0.09pF 

TBUFPH 

X; 0.17pF 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

_ 5V _ 

3.3 V 



FOsO 1 FO=2 { FO=:8 | K (ns/pF) 

TBUFP 1 

'msm 

Propagation Delay, 

AtoX 

0.33 

0.37 

0.50 

0.42 

0.46 

0.52 

0.69 

0.59 


0.37 

0.45 

0.68 

0.77 

0.53 

0.63 

0.90 

0.93 

'msm 

Propagation Delay, 

ENtoX 

0.37 


0.37 

0.00 

0.51 

0.51 

0.51 

0.00 

msM 

0.50 


0.81 

0.77 

0.70 

0.79 

1.07 

0.94 

jj^B 

Propagation Delay, 

ENtoX 




0.42 

0.45 

0.51 

0.69 

0.59 


0.46 

0.46 

0.46 

0.00 

0.60 

0.60 

0.60 

0.00 

_ tr 

Output Rise Time, X 

0.18 

0.30 

0.65 

1.17 

0.16 

0.33 

0.85 

1.71 

tf 





1.16 

0.23 

0.37 

0.79 

1.41 


■ISBB 



0.40 


0.23 

0.52 

0.55 

0.64 

0.32 

HSMI 


0.46 

0.58 

0.40 

0.60 

0.65 

0.79 

0.50 

WBsm 

Propagation Delay, 

EN toX 

0.40 


0.40 

0.00 

0.56 

0.56 

0.56 

0.00 


0.53 

0.57 

0.69 

0.41 

0.76 

0.81 

0.96 

0.51 






0.23 

0.51 

0.54 

0.64 

0.32 

WBsm 


0.60 

0.60 

0.00 

0.79 

0.79 

0.79 

0.00 

tr 

Output Rise Time, X 

0.19 



0.57 

0.22 

0.31 

0.56 

0.83 

_tf_ 


0.22 

0.27 

0.44 

0.56 

0.26 

0.33 

0.54 

0.69 


Capacitance per fanout = 0.05 pF (metal capacitance is not Included). 
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TBUFP TBUFPH 


MOTOROLA TECHNICAL DATA 

FUNCTIONAL DIAGRAM: TBUFP 





Vqd 
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RSBXXxXX 


MOTOROLA TECHNICAL DATA 



Section 7.5 Metalized RAMs 

Low Power Single Port RAM RSBXXxXX 


MACRO 

EQUIV. GATES 

RSBXXxXX 

see table below 


Rev. 1.07 


INPUTS 

A(0-m),DIN(0-n),R/WB(0-n) 

OUTPUTS 

DO(O-n) 


SIGNAL NAME 

INPUT CAP. 

A(O-m) 

see table below 

DIN(O-n) 

0.1 pF 

R/WB(0-n) 

0.1 pF 


RSBXXxXX 
A(O-m) DO(O-n) 

DIN(O-n) 

RMB(O-n) 


Size, Address Line Input Capacitance, and Array Availability Information for Single Port RAM’s 



Name 



Input Capacitance 

Per Address Line 

8-WORD BLOCK | 

8X8 

RSB8X8 

20X11 

198 

0.1 pF 

8X18 

RSB8X18 


440 

16-WORD BLOCK | 

16X8 

RSB16X8 

20X19 

342 

0.1 pF 

16X18 

RSB16X18 


760 

16X36 

RSB16X36 


1444 

32-WORD BLOCK | 

32X8 

RSB32X8 

9X35 

630 

0.15pF 

32X18 

RSB32X18 

20X35 

1400 

32X36 

RSB32X36 

38X35 

2660 

64-WORD BLOCK | 


RSB64X18 

20X67 

2680 

0.20 pF 

64X36 

RSB64X36 

38X67 

5092 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5.0 V 

3.3 V 


FO=0 1 FO=2 1 FO=8 | K (ns/pF) 


■HIM 


2.44 



0.62 

kesi 



1.09 


2.35 

2.41 

2.57 

0.54 




1.13 

WESHM 


0.97 

1.04 

1.26 

0.72 

1 1.25 


1.67 

1.06 

■9M 

1.30 

1.34 

1.45 

0.37 



2.16 

0.58 



1.09 

1.17 

1.38 

0.72 



1.68 

0.88 

HSflH 


1.34 

1.44 

0.35 



2.16 

0.71 

■r 

Output Rise Time, DO0-DO7 

0.73 

0.84 

1.15 

1.04 

1 1.09 

1.26 

1.76 

1.67 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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RSBXXxXX 

MOTOROLA TECHNICAL DATA ■■■■■■■■ 


CMOS SWITCHING CHARACTERISTICS 

(input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. _ Rev. 1.07 



Parameter 

5.0 V 

3.3 V I 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

FO=0 



K (ns/pF) 

t. 

Output Fall Time, DO0-DO7 

0.78 

0.85 

1.05 

0.67 

0.91 

1.06 

1.49 

1.44 

RSB8X18 1 

Vlh 

Propagation Delay, 

A0-A2 to DO0-DO17 

2.59 

2.65 

2.82 

0.58 

3.79 

3.88 

4.17 

0.96 

_tpHL_ 

2.49 

2.55 

2.73 

0.58 

4.40 

4.49 

4.76 

0.91 

iBani 


0.97 

1.04 

1.26 




1.67 

1.06 


1.30 

1.34 


■EE3I 



2.16 



Propagation Delay, 
RWB0-RWB17 to DO0-DO17 

1.10 

1.17 


0.72 



1.68 

0.88 

■3M 

1.30 

1.34 


0.35 

1.90 

1.97 


0.63 

tr 

Output Rise Time, DO0-DO17 

fciibcii 

0.83 

1.14 



1.61 

1.93 

1.05 

ini 

Output Fall Time, DO0-DO17 

muffLm 

0.81 


0.74 


1.56 

1.80 

0.81 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5.0 V 

35v I 

FO=0 

FO=:2 

FO=8 

K(ns/pF=) 

FO=0 

FO=2 

FO=8 

K (ns/pF) 1 

RSB16X8 1 

tpLH 

Propagation Delay, 

2.99 

3.05 

3.24 

0.62 



4.63 

0.89 

■isini 

A0-A3 to DO0-DO7 

2.75 


2.96 

0.52 

4.39 

4.48 

4.77 

0.96 

_?PLH 

Propagation Delay, 

1.09 

1.17 

1.40 

0.76 

1.42 

1.53 

1.84 

1.05 

■SfHI 

DIN0-DIN17to DO0-DO7 

1.41 

1.45 

1.55 

0.35 

2.14 

2.20 


0.64 

tpLH 



1.33 

1.51 

0.61 





tpHL 


■ESI 

msm 

1.59 

0.36 



2.49 

0.66 

tr 

Output Rise Time, DO0-DO7 


kes 

1.31 

1.06 

HEEH 


1.99 

1.24 

‘f 

Output Fall Time, DO0-DO7 

0.80 

0.87 

1.07 

0.69 



1.79 

1.42 

RSB16X18 1 


Propagation Delay, 

3.02 

3.09 

3.29 

0.67 

4.40 

4.49 

4.77 

0.92 

■HIM 

A0-A3 to DO0-DO17 

2.83 

2.88 

3.06 

0.57 

4.71 

4.80 

5.08 

0.94 


Propagation Delay, 

1.09 

1.17 

1.40 

0.76 

1.42 

1.53 

1.84 


■ami 

DIN0-DIN17to DO0-DO17 

1.41 

1.45 

1.55 

0.35 

2.14 

2.20 

2.39 

0.64 

tpLH 

Propagation Delay, 

1.27 

1.33 

1.51 

0.61 

1.41 

1.51 

1.82 

1.02 

tpHL 

RWB0-RWB17 to DO0-DO17 

1.47 

1.50 

1.59 

0.30 

2.23 

2.30 

2.50 

0.65 

‘r 

Output Rise Time, DO0-DO17 

0.81 

0.93 

1.29 

1.20 

1.37 

1.50 

1.90 

1.34 

_ k _ 



0.90 

1.11 

0.69 

1.27 

1.41 

1.83 

1.42 

RSE 

116X36 1 

■3M 

Propagation Delay, 

3.31 

3.37 

3.56 

0.64 

4.73 

4.82 

5.10 

0.92 

H!3!H 

A0-A3 to DO0-DO35 

3.16 

3.21 



5.07 

5.16 

5.43 

0.89 

■islin 

Propagation Delay, 

1.09 

1.17 

1.40 

0.76 

1.42 

1.53 

1.84 

1.05 

masm 

DIN0-DIN35 to DO0-DO35 

1.41 

1.45 

1.55 

0.36 

2.14 

2.20 

2.39 

0.64 


Propagation Delay, 

1.27 

1.33 

1.51 

0.61 

1.39 

1.49 

1.80 

1.02 

Mssm 

RWB0-RWB35 to DO0-DO35 

1.45 

1.48 

1.59 

0.36 

2.21 

2.28 

2.47 

0.65 

•r 

Output Rise Time, DO0-DO35 

0.98 

1.08 

1.38 

0.99 

1.46 

1.59 

1.95 

1.20 

_!i_ 

Output Fall Time, DO0-DO35 

0.83 

0.90 

1.11 

0.69 

1.23 

1.38 

1.81 

1.46 


Capacitance per fanout = 0.05 pF (metal capacitance is not Included). 
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RSBXXxXX 


MOTOROLA TECHNICAL DATA 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


Propagation Delay, 
A0-A3 to DO0-DO7 


3.3 V 


FO=2 FO=:8 


Propagation Delay, 
DIN0-DIN17to DO0-DO7 
Propagation Delay, 
RWB0-RWB7 to DO0-DO17 


i t g wCT T i STg amf a iiSitrtitM M 


Output Fall Time, DO0-DO7 


RSB32X18 


Propagation Delay, 

A0-A3 to DO0-DO17 

3.70 

3.39 

Propagation Delay, 

1.31 

DIN0-DIN17to DO0-DO17 

1.76 

Propagation Delay, 

1.46 

RWB0-RWB17 to DO0-DO17 

1.56 

Output Rise Time, DO0-DO17 





Rev. 1.07 


K (ns/pF) 



Propagation Delay, 
A0-A3 to DO0-DO35 


Propagation Delay, 
DIN0-DIN35 to DO0-DO35 


Propagation Delay, 
RWB0-RWB35 to DO0-DO35 

1.42 

1.76 

Output Rise Time, DO0-DO35 

1.51 

Output Fall Time, DO0-DO35 

1.24 


1.37 


1.11 



Capacitance per fanout == 0.06 pF (metal capacitance is not included). 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Sym 

Parameter 

5.0 V 

! 3Jv 

FO=0 

FO=2 1 FOs8 |K(ns/pF) 

FOsO 


FO=:8 1 K (ns/pF) 

RSB64X18 1 


Propagation Delay, 

A0-A3 to DO0-DO17 

5.46 

5.59 

5.95 

1.22 

8.51 

8.62 

8.93 

1.04 

— 

5.30 



0.75 

9.00 

9.11 

KEEH 

WBsnm 


Propagation Delay, 
DIN0-DIN17to DO0-DO17 

1.81 

1.90 

2.17 

0.91 



■JAM 



2.31 

2.35 

2.50 

0.48 

3.60 

3.68 

3.91 

0.76 

,H9ni 

Propagation Delay, 
RWB0-RWB17 to DO0-DO17 

1.89 

1.99 

2.27 

0.94 

2.19 

2.31 

2.67 

1.20 

msm 

2.38 

2.42 

2.55 

[||||Q|[Q||||i 

3.62 

3.70 

3.93 

0.76 

tr 

Output Rise Time, DO0-DO17 

2.92 

3.00 

3.26 


3.42 

3.59 

4.09 

1.67 


Output Fall Time, DO0-DO17 

1.65 

1.77 

2.14 

1.24 

2.98 

3.08 

3.37 

0.97 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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MOTOROLA TECHNICAL DATA 


RSBXXxXX 



CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


« . 5.0 


Parameter 


FO=2 I FO:=8 
RSB64X36 


6.24 


IK (ns/pF) 


Propagation Delay, 
A0-A3 to DO0-DO35 


Propagation Delay, 
DIN0-DIN35 to DO0-DO35 


Propagation Delay, 
RWB0-RWB35 to DO0-DO35 


Output Rise Time, DO0-DO35 


Output Fall Time, DO0-DO35 | 1.69 j 1.79 j 

Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


Rev. 1.07 


K (ns/pF) 



TIMING REQUIREMENTS 








Parameter 

Set Up Time, 

DIN(n) to R/WB (WL = 8) 


DIN(n)toR/WB(WL=18) 

DIN(n)toRAA/B (WL=:36) 

Set Up Time, 

A to R/WB (WL = 8) 


A to R/WB (WL= 18) 


A to R/WB (WL = 36) 

Set Up Time, 

AtoRAA/B(WL=:8) 


A to B/WB(WL=:18) 

AtoRAA/B (WL;«36) 

Hold Time, 

R/WB to DIN(n) 

Pulse Width 

R/WB(L,H)(WLs8) 


R/WB(L,H)(WL=:ia) 

R/WB (L,H) (WL = 36) 

Hold Time, 

R/WB to A (WL = 8) 


R/WB to A (WL = 18) 

R/WB to A (WL = 36) 


8-WORD 

BLOCK 


1,54 

2.15 

1.54 

1.84 


0.38 

0.50 

0.35 

0.64 


32-WORD 

BLOCK 


Rev. 1.07 


64-WORD 

BLOCK 


1111111 

11.73 

liiiii 

11.73 

0.19 

-0.01 


3,49 -0.01 


3.32 
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RSBXXxXX 


MOTOROLA TECHNICAL DATA 


TIMING DIAGRAM: READ CYCLE Low Power Single Port RAM 


RMB(O-n) 




NOTES; 

1. R/WB remains high throughout Read Cycles. 

2. The OUTPUT HOLD TIME, t oH>will be the same as tAA 
due to internal switching speed and internal loading. 

S.Since Address, A(m), is not latched internally, the Data-Out 
Bus, DO(n), will always reflect the contents of memory selected 
by the current Address following time period t^A 



1. For a Write Operation, Address must remain stable for the contiguous period consisting of time periods t^wB’ W ^^i^l tAH- 

2. Since Address, A(m), Is not latched internally, the Data-Out Bus, DO(n), will always reflect the contents of memory selected 
by the current Address following time period tAA- 


3. When In the Write Mode, defined by RA/VB being low, DO(n) will reflect the Data value of DIN(n) following time periods twoo 
and toDo. whichever occurs later. 


4. Write occurs on the rising edge of RA/VB, at which time the Data, appearing on both DIN(n) and DO(n) is written to the Address 
location. 
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MOTOROLA TECHNICAL DATA 


RSBXXxXX 


FUNCTIONAL DIAGRAM: 
Low Power Single Port RAM 
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RDBXXxXX 


MOTOROLA TECHNICAL DATA 


High Speed Dual Port RAM 


RDBXXxXX 


MACRO 

EQUIV. GATES 

RDBXXxXX 

see table below 


Rev. 1.07 


INPUTS 

AA(0-m),AB(0-m), 

DINA(0-n),WBA 

OUTPUTS 

DOB(O-n) 


SIGNAL NAME 

INPUT CAP. 

AA(O-m) 

see table below 

AB(O-m) 

see table below 

DINA{0-n) 

0.05 pF 

WBA 

see table below 


RDBXXxXX 

A_A(0-m) DO_B(0-n) 

A_B(0-m) 

DIN_A(0-n) 

WB_A(0-n) 


Size, Address Line Input Capacitance, and Array Availability Information for Dual Port RAM’s 


Size 

(Words X Bits) 

Name 

Size 

(Columns 
X Rows) 

Total 

Gate Count 

Port A Input 
Capacitance 

Per Address Line 

Port A Input 
Capacitance 
WB_A Line 

Port B Input 
Capacitance 

Per Address Line 

O 

00 

RD BLOCK 1 

8X9 

RDB8X9 

13X14 

356 

0.15 pF 

0.15 pF 

0.15 pF 

8X18 

RDB8X18 

22X14 

608 

8X36 

RDB8X36 

40X14 

1112 

CM 

X 

00 

RDB8X72 

77X14 

2156 

16-WORD BLOCK | 

16X9 

RDB16X9 

14X26 

725 

AA0-AA1 = 

0.20 pF 
AA2-AA3= 

0.09pF 

0.20 pF 

0.20 pF 

16X18 

RDB16X18 

23X26 

1193 

16X36 

RDB16X36 

41X26 

2129 

16X72 

RDB16X72 

78X26 

4050 

32-WORD BLOCK | 

32X9 

RDB32X9 

14X50 

1400 

AA0-AA1= 0.25 pF 
AA2-AA3=0.09pF 
AA4=0.20 pF 

0.20 pF 

_ 

AB0-AB1=0.25 pF 
AB2-AB3=0.09pF 
AB4=0.20 pF 

32X18 

RDB32X18 

23X50 

2300 

32X36 



4100 

32X72 

RDB32X72 

78X50 

7798 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5.0 V 

3.3 V 1 

FO=0 1 FO=2 1 FO=8 |K(ns/pF) 


RDB8X9 1 

■sni 



1.83 

2.07 



2.79 

3.14 

1.20 

laiM 

MEM 

1.99 

2.20 



3.02 

19^9 

0.77 


Propagation Delay, 

DIN0-DIN8 to DO0-DO8 

1.47 

1.55 



111^^9 

2.63 


1.17 

W 

MIIM 

2.18 

MEM 

■QQ9 

McIiM 

3.12 

3.38 

0.87 

■aw 

Propagation Delay, 
RWB0-RWB8 to DO0-DO8 


2.43 


0.83 

1 3.74 

3.86 

4.20 

1.13 

HSfHI 



MtiM 

0.71 


3.63 

3.88 

0.85 

tr 

Output Rise Time, DO0-DO8 

MillM 

0.43 

MFM 

2.52 


0.72 

1.83 

3.70 

_!f_ 

Output Fall Time, DO0-DO8 

0.41 

0.51 

0.82 

1.02 

■ESI 

0.61 

0.98 

1.25 


Capacitance per fanout = 0,05 pF (metal capacitance is not included). 
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MOTOROLA TECHNICAL DATA 


RDBXXxXX 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 


^ . 5.0 V 



Parameter 


Propagation Delay, 
A0-A2 to DO0-DO17 


Propagation Delay, 
DINO-DIN17toDOO-D017 


Propagation Delay, 
RWB0-RWB17toDO0-DO17 ' 


Output Rise Time, DO0-DO17 





Propagation Delay, 
A0-A2 to DO0-DO35 


Propagation Delay, 
DIN0-DIN35 to DO0-DO35 


Propagation Delay, 
RWB0-RWB35 to DO0-DO35 
Output Rise Time, DO0-DO35 







FO=2 I FO=8 
RDB8X18 


K (ns/pF) 


Propagation Delay, 1-48 

DIN0-DIN71 to DO0-DO71 2.11 


Propagation Delay, 3.44 

RWB0-RWB71 to DO0-DO71 3.47 


Output Rise Time, DO0-DO71 0.37 


Output Fall Time, DO0-DO71 | 0.65 | 0.73 | 
Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


2.36 

2.61 

0.84 

2.69 

2.88 

0.65 



0.81 

lUQI 


0.70 

3.52 

3.76 

0.81 

3.53 

3.73 

0.66 




0.73 

1.00 

0.89 


Rev. 1.07 


K (ns/pF) 



1.82 0.93 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are In ns. 


II 


Parameter 



Propagation Delay, 
A0-A3 to DO0-DO8 


Propagation Delay, 
DIN0-DIN8 to DO0-DO8 


Propagation Delay, 
RWB0-RWB8 to DO0-DO8 




Propagation Delay, 
A0-A3 to DO0-DO18 


FO=2 I FO=8 


RDB16X9 


K (ns/pF) 


K (ns/pF) 


Propagation Delay, 
DIN0-DIN18to DO0-DO18 

1.89 

2.92 

Propagation Delay, 
RWB0-RWB18 to DO0-DO18 

2.87 

3.03 



Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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PHRYYvYY 

motorola technical data 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 



Parameter 

5.0 V 

I 3.3 V 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

FO=0 

FO=2 

FO=8 

K (ns/pF) 


Output Rise Time, DO0-DO17 

0.42 

0.66 

1.39 

2.43 

0.48 

0.83 

1.89 

3.53 

L 

Output Fall Time, DO0-DO17 

0.58 

0.69 

0.99 

1.01 




1.10 


■BM 

Propagation Delay, 

A0-A3 to DO0-DO35 

2.65 

ebb 

2.99 

0.85 

eub 

4.30 

4.64 

1.16 

H9!lH 

3.06 


3.32 

0.66 

kbb 

bseeb 


0.84 

lilf 

Propagation Delay, 
DIN0-DIN35 to DO0-DO35 

BnrpB 


2.23 

0.83 


kbb 


1.21 

HSBHI 



3.19 

0.69 

eeb 

EUsfl 


0.91 

■Bffli 



3.38 

3.62 

■eebi 



IIIIQI^QIIIII 

1.14 

WESM 

3.36 

3.43 

3.64 


4.94 

5.03 


0.88 

tr 



0.44 

1.22 


0.53 

0.85 

1.84 

3.28 

tf_ 

Output Fall Time, DO0-DO35 

0.35 

0.46 

0.81 

1.14 

1.33 

1.42 

1.67 

0.83 

RDB16X72 1 

WESEM 

Propagation Delay, 

A0-A3 to DO0-DO71 


KiBI 

3.37 

0.81 


4.75 

5.11 

1.18 

msm 


McHMM 

3.43 

0.91 


4.86 

5.11 

0.81 


Propagation Delay, 

DIN0-DIN71 to DO0-DO71 

1.90 

1.98 

2.23 

0.83 


3.57 

3.90 

1.13 

■HB 

2.92 


3.19 


4.06 

4.15 

4.43 

0.91 

BISffli 

Propagation Delay, 
RWB0-RWB71 to DO0-DO71 

3.59 


3.93 

0.85 

5.70 

5.82 

6.19 


H9!Hi 

3.68 


3.97 

0.74 

5.20 


5.54 

0.85 

'r 

Output Rise Time, DO0-DO71 

0.35 


1.34 

2.47 

1.00 


2.17 

2.93 


Output Fall Time, DO0-DO71 

1.22 

1.27 

1.42 

0.52 

1.36 

1.43 

1.64 

0.69 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5.0 V 

3.3 V 

FO=0 1 FO=2 1 FO=8 |K(ns/pF) 

FO=0 1 FO=2 1 FO=8 | K (ns/pF) 

RDB32X9 1 

BIBB 

Propagation Delay, 

A0-A4 to DO0-DO8 

EES3E 


4.04 

0.81 


5.61 

^^7 

1.20 

BBB 

eesb 

BgfCTI 

4.29 





1.11 

BBBB 

Propagation Delay, 

DIN0-DIN7 to DO0-DO8 

eesb 


3.32 

0,81 


5.14 

5.50 

1.21 


ElsUi 

wnsfwk 

4.44 

BEESfll 

EBi 

5.91 

6.18 

0.88 

BOBB 

Propagation Delay, 
RWB0-RWB8 to DO0-DO8 

e^b 

liciriiili 

4.05 

BBEDB 

■sliE 

6.02 

6.50 

1.59 

BIBB 

4.29 

4.37 

4.60 


6.10 

6.20 

6.52 

1.07 

»r 

Output Rise Time, DO0-DO8 

0.44 

0.68 

1.42 

2.45 



2.46 

3.15 

_ k _ 

Output Fall Time, DO0-DO8 

0.91 

1.00 

1.28 

0.93 

1.44 

1.54 

1.83 

0.97 

RDB32X18 1 

IMBB 

Propagation Delay, 

A0-A4 to DO0-DO17 

3.76 

3.84 

4.09 

0.82 

5.72 

5.85 


1.28 

i|B9BJ 

4.27 

4.35 

4.58 

0.78 

5.73 

5.85 

MRfai 

1.18 

BQBB 



3.08 

3.32 

0.81 


5.14 


1.21 

l■g!lB 


4.14 

4.44 

■eebi 


5.91 


0.88 

Vlh 

Propagation Delay, 
RWB0-RWB17 to DO0-DO17 

4.18 

4.26 

4.49 

BEBBI 


6.62 

HESB 

1.18 

tpHL 

4.42 


4.73 

0.77 

6.17 


6.62 

1.11 

V 

Output Rise Time, DO0-DO17 

0.34 


1.35 

2.54 

1.21 


2.45 

3.10 

_ k _ 

Output Fall Time, DO0-DO17 

0.63 

0.73 

1.02 

0.99 

0.88 

1.02 

1.41 

1.32 

RDB32X36 | 


Propagation Delay, 

A0-A4 to DO0-DO35 

3.92 

4.00 

4.25 


6.00 

6.12 

6.48 

1.20 

!— 

4.43 

4.50 

4.72 

0.72 

6.09 

6.18 

6.47 

0.96 

■EBB 

Propagation Delay, 
DIN0-DIN35 to DO0-DO35 

3.00 


3.32 

0.81 

5.02 


lEEEB 

1.21 

iB!9!lfli 

4.05 

wmmm 

4.44 

0.98 

5.82 

HSEDI 

imi^Q^iiiiiiii 

0.88 


Capacitance per fanout = 0.05 pF (metal capacitance Is not Included). 
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MOTOROLA TECHNICAL DATA 


RDBXXxXX 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 




5.0 V 1 


FO=0 

FO=2 

FO=8 

K (ns/pF) 

Propagation Delay, 

4.58 

4.66 

4.91 

0.83 

RWB0-RWB35 to DO0-DO35 

4.80 

4.88 

5.10 

0.76 

Output Rise Time, DO0-DO35 

0.43 

0.68 

1.43 

2.49 

Output Fall Time, DO0-DO35 

0.83 


1.19 

0.90 

RDB32X72 

Propagation Delay, 

4.17 

■EES 

IKl^l 

0.82 

A0-A4 to DO0-DO71 

4.75 

KEil 

imEsm 

0.64 

Propagation Delay, 

3.00 


0.81 

DIN0-DIN71 to DO0-DO71 

4.04 

4.14 


0.99 

Propagation Delay, 


5.26 


0.81 

RWB0-RWB71 to DO0-DO71 

5.28 

5.36 



Output Rise Time, DO0-DO71 

0.39 

0.64 

fKV 


Output Fall Time, DO0-DO71 

0.88 

0.97 

mwzm 



FO=0 

FO=2 

6.90 

7.05 



0.75 

1.09 

0.89 

1.00 


FO=8 

K (ns/pF) 

7.50 

1.50 




Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 

r~r. I I I 8-WORD BLOCK 


Parameter 


Set Up Time, 

DINA(n) to WBA (WLs9) 
DINA(n)toWBA (WL=r18) 
DINA(n) to WBA(WL^36) 
DINA(n)toWBA(WL = 72) 

Set Up Time, 

AA(n) to WBA (WL = 9) 

AA(n) to WBA (WL = 18) 

AA(n) to WBA (WL = 36) 

AA(n) to WBA (WL = 72) 

Set Up Time, 

AA(n) to WBA (WL=:9) 

AA(n) to WBA(WL^18) 
AA(n)toWBA(WL = 36) 

AA(n) to WBA (WL ;= 72) 

Hold Time, 

WBAtoDINA(n) (WL = 9) 
WBAtoDINA(n) (WL=18) 
WBAtoDINA(n) (WL = 36) 
WBAtoDINA(n) (WL = 72) 

Hold Time, 

WBAtoAA(n) (WL:=9) 

WBAtoAA(n)(WL:=18) 

WBAtoAA(n)(WL;=36) 

WBA to AA(n) (WL = 72) 

Pulse Width 

WBA (L) (WL = 9) 

WBA (L)(WL=18) 

WBA (L) (WL = 36) 

WBA (L) (WL = 72) 


16-WORD BLOCK 

5v-r 


Rev. 1.07 
32-WORD BLOCK | 


0.37 

0.64 

0.21 

gjjglgyi 


0.05 

-0.36 

-.012 

0.12 

0.15 

0.01 

0.05 

-0.08 




3.98 


4.20 

■IggEI 

4.55 

5.81 

4.87 



0.93 


1.28 

1 1.92 1 

1.80 




1 0.46 

0.99 


1.48 


1.96 

msm 


2.18 


2.53 

3.83 

2.93 

4.37 
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RDBXXxXX 

MOTOROLA TECHNICAL DATA 


TIMING DIAGRAM: READ CYCLE High Speed Dual Port RAM 


AB(O-m) 

X 




- *M- 

'r* -*oH- 

I 

-—^ 

I 

to i 

I 


DOB(O-n) 

Previous Data 

_>C 

DOUT 


NOTES: 3. Since Addresses are not latched internally, the Data-Out 

1. WB_A(n) has no affect on Read Operations. Bus, DO_B(n), will always reflect the contents of the Memory 

location selected by Address Bus A_B(nn), following time pe- 

2. Read is accomplished by placing the location of the desired riod tAA. 

Memory word on the A_B Address Bus. 

No other action is necessary. 4. The OUTPUT HOLD TIME, ton. will be the same as t^A due 

to internal switching speed and internal loading. 


WBA(O-n) 


AA(O-m) 


DINA(O-n) 


DOB(0-n) 


AB(O-m) 


TIMING DIAGRAM: WRITE CYCLE High Speed Duai Port RAM 



r* - 'aSU 

- ‘WP - 

( 

*WDO— ►! 


1 

1 



1 


1 


Write Address 


X 


> ♦ 



- DSU 

1 


1 

. .. . 


Write Data 


- ^DDO -► 



> 

^ Data at Read Address 


— ‘aa -^ 



Read Address 



NOTES: 

1. For a Write Operation, Address must remain stable for the 
contiguous period consisting of time periods tAwe. fwp 
andtAH. 

2. Since the Address Is not latched internally, the Data-Out 
Bus, DOB(n), will always reflect the contents of the respective 
Memory location selected on Address Bus AB(m) following 
time period tAA- 


3. Parameter tpoo will only apply if the Address value on the 
Write Address Bus, AA(m), Is the same as the Address value 
on the Read Address Bus, AB(m). Configurations equating the 
Write Address Bus with Read Address Bus allows the Write 
Data to appear on the Data-Out Bus, DOB(n) concurrent with 
the Write Operation. 
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MOTOROLA TECHNICAL DATA 


RDBXXxXX 


FUNCTIONAL DIAGRAM: High Speed Dual Port RAM 


DINA(0-n) DOB(O-n) 
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RQBXXxXX 


MOTOROLA TECHNICAL DATA 


Four Port RAM 


RQBXXxXX 


MACRO 

EQUIV. GATES 

RQBXXxXX 

see table below 



INPUTS 

AA(0-m),AB(0-m),AC(0-m), AD(O-m), 
DINA(0-n),DINB(0-n), WBA(O-n), 
WBB(O-n) 

OUTPUTS 

DOC(0-n),DOD(0-n) 


SIGNAL NAME 

INPUT CAP. 

AA(O-m) 

see table below 

AB(O-m) 

see table below 

AC(O-m) 

see table below 

AD(O-m) 

see table below 

DINA(O-n) 

DINB(O-n) 

0.06 pF 

WBA 

see table below 

WBB 

see table below 


Size, Address Line Input Capacitance, and Array Availability Information for Single Port RAM’s 


Size 

(Words X Bits) 

Name 

Size 

(Columns X Rows) 

Total 

Gate Count 

Input Capacitance 
Per Address Line 

Input Capacitance 
WB_A & WB_B Lines 





33X37 

2200 

0.18 pF 

0.12 pF 

16X36 

RQB16X36 

55X37 


32-WORD BLOCK | 

32X18 

RQB32X18 

36X70 

4762 

0.36 pF 

024 pF 

32X36 

RQB32X36 

58X70 

7738 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0°C (Nominal) all units are in ns._ Rev. 1.07 


Sym 

Parameter 

5.0 V 

3.3 V 1 

FO=0 1 FO=2 

FO=8 |K(ns/pF)| 

FO=0 1 FO=2 

FO=8 |K(ns/pF)| 



Propagation Delay, 

AC0-AD3 to DOCO-DOD17 




1.69 



6.44 


'■!9!ia 


4.12 


1.40 

eesi 

6.06 

6.51 


■ISBl 

Propagation Delay, 

DINA0-DINB17 to DOCO-DOD17 


4.01 


1.67 

loss 


6.95 

2.18 

H9IH 


5.24 

5.76 

1.75 


7.39 


1.72 

iiim 

Propagation Delay, 

WBA,WBB to DOCO-DOD17 

5.03 

5.20 

5.71 

1.70 


wmm 

n^jfciia 

2.31 

iBSffll 




1.43 

|||[[^|^^|||| 



1.66 

tr 

Output Rise Time, DOCO-DOD17 

0.34 



5.04 

0.67 

■la 

3.39 


>1 

Output Fall Time, DOCO-DOD17 


UtliTtM 

MEM 


1.29 


2.18 


RQB16X36 1 

■!9V!I 

Propagation Delay, 

AC0-AD3 to DOCO-DOD35 

3.91 

4.08 

4.57 

1.64 

6.04 

6.28 

7.00 

2.39 

■9!H 


Kj^i 

■sliMI 

1.40 




1.60 

B9I!I 

Propagation Delay, 

DINA0-DINB17 to DOCO-DOD35 

3,84 

401 

4.51 




MXStM 


H9M 





1 7.23 

7.41 


1.72 

■sn 

Propagation Delay, 

WBA,WBB to DOCO-DOD35 

5.42 

5.59 

6.10 

1.70 



10.01 

2.30 

■9IH 




1.43 

eeeh 



1.77 


Output Rise Time, DOCO-DOD35 

0.25 

0.77 

2.32 

5.18 

IIQI^IIII 



6.52 

u_Jl_ 

Output Fall Time, DOCO-DOD35 

Ed 

El^i 

iBEil 


MWEM 



2.31 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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RQBXXxXX 


MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS 

(Input Edge Rate tr,tf=1 .OOns) TJ= 25.0^0 (Nominal) all units are in ns. _ Rev. 1.07 


Sym 

Parameter 

5.0 V 

3.3 V 

FO=0 I FOs2 I FO=8 | K (ns/pF) 

FO=0 1 FO=2 1 FO=8 |K(ns/pF) 

RQB32X18 1 

mm 

Propagation Delay, 

AC0-AD4 to DOCO-DOD17 



mQi^^iiii 

1.67 




2-41 

mm 

EES 


asgfia 

1.34 

7.90 

8.09 

8.65 



Propagation Delay, 

DINA0-DINB35 to DOCO-DOD17 


ESI 


1.91 




3.03 

mm 

9.02 

9.19 

9.68 

1.64 

IHEM 



1.74 

H9t!l 

Propagation Delay, 

WBA-WBB to DOCO-DOD17 



7.81 

1.82 





wsm 

8.55 


a;}piia 

1.62 




■dlilcM 

»r 

Output Rise Time, DOCO-DOD17 

0.70 







■01131 


Output Fall Time, DOCO-DOD17 

1.13 

1.31 


1.81 

2.44 



2.10 

RQB32X36 | 

mm 

Propagation Delay, 

AC0-AD4 to DOCO-DOD35 

KE3i 

5.15 

5.67 

1.75 

retail 

8.09 


2.40 

■fflW 

ISQi 

6.29 

6.70 

1.35 


8.71 


1.86 

HSlil 

Propagation Delay, 

DINA0-DINB35 to DOCO-DOD35 

kesi 


6.58 

1.91 

K^l 



KESH 

■!9!ia 



KSSI 

1.64 

11.27 

11.49 

12.18 

MEEMM 

tpLH 

Propagation Delay, 

WBA-WBB to DOCO-DOD35 

eeei 

MEM 


1.77 





Vhl 

MsPJM 


9.64 

1.08 

11.95 

12.12 

12.64 

1.71 

•r 

Output Rise Time, DOCO-DOD35 

El^ll 



5.16 

1.84 

2.43 

4.21 

5.92 

tf 

Output Fall Time, DOCO-DOD35 

1.13 

1.32 

1.87 

1.85 

2.51 

2.73 

3.38 

2.16 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


TIMING REQUIREMENTS 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns._Rev. 1.07 


Abbr. 

Parameter 

16-WORD BLOCK 

32-WORD BLOCK 

■QQOI 

3.3 V 

5V 

3.3 V 

^DSU 

Set Up Time, 

DIN(n) to WB (WL ==18) 

BEsn 

0.04 


0.44 

DIN(n)toWB(WL=36) 


-0,34 



*AWB 

Set Up Time, 

AA to WB (WL=18) 


-1.27 

-0.80 

-1.32 


AA to WB (WL =36) 

-1.09 

-1.76 

-1.07 

-1.60 

Usu 

Set Up Time, 

AAtoWB(WL=18) 

5 02 

6.57 

5.01 

6.54 


AA to WB (WL =36) 

5 33 

6.39 


6.54 

^DH 

Hold Time, 

WB to DIN(n) (WL=18) 


3.26 

2.42 

3.23 



WB to DIN(n) (WL =36) 


3.75 

2.88 

4.09 

^WP 

Pulse Width 

WBtoDO(n)(WL=18) 

3,00 

4.57 

3.03 

4.38 



WB to DO (n) (WL =36) 

3.31 

4.95 

3.34 

4.87 
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RQBXXxXX 


MOTOROLA TECHNICAL DATA 


AC(O-m) 

AD(O-m) 

DOC(O-n) 

DOD(O-n) 


TIMING DIAGRAM: READ CYCLE Four Port RAM 



NOTES: 

1. WBA(n) has no affect on Read Operations. 

2. Read is accomplished by placing the location of the desired 
Memory word on Address Bus AC(n) and /or AD(m). No other 
action is necessary. 


3. Since Addresses are not latched internally, the Data-Out 
Bus, DOC(n) AND DOD(n), will always reflect the contents of 
the Memory location selected by Address Bus AC(m) and 
AD(m), following time period t/^. 

4. The OUTPUT HOLD TIME, tqH. will be the same as t^ due 
to internal switching speed and internal loading. 


TIMING DIAGRAM: WRITE CYCLE Four Port RAM 


WBA(O-n) 

WBB(O-n) 

AA(O-m) 

AB(O-m) 

DINA(O-n) 

DINB(O-n) 

DOC(O-n) 

DOD(O-n) 

AC(O-m) 

AD(O-m) 



NOTES: 

1. For a Write Operation, Address must remain stable for the 
contiguous period consisting of time periods tAWB» W 

and tAH- 

2. Since the Address is not latched internally, the Data-Out 
Bus, DOC(n) and DOD(n), will always reflect the contents of 
the respective Memory location selected on Address Bus 
AC(m) and AD(m)following time period tAA- 


3. Parameter topo will only apply if the Address value on the 
Write Address Bus, AA(m) and AB(m), is the same as the Ad¬ 
dress value on the Read Address Bus, AC(m) and AD(m). 
Configurations equating the Write Address Bus with Read Ad¬ 
dress Bus allows the Write Data to appear on the Data-Out 
Bus, DOC(n) and DOD )n) concurrent with the Write Opera¬ 
tion. 
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MOTOROLA TECHNICAL DATA 


FUNCTIONAL DIAGRAM: of Four Port RAM 


RQBXXxXX 


DOC(O-n) DOD (0-n) 


AA(O-m) 


AB(O-m) 



PORTD 

ADDRESS 

DECODER 


ROW 1_D 


AC (0-m) 


AD (0-m) 
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API AP2APL1 APL2 


MOTOROLA TECHNICAL DATA 


Section 7.6 Analog Phase Lock Loop Macros 


CMOS Single-Ended Analog Phase Locked Loop 
(3.3 V and 5 V System/Core Voltage) 


5/5 V 

AP1 

5/5 V 

AP2 

3.3/3.3V 

APL1 

3.3/3.3V 

APL2 



CMOS SWITCHING CHARACTERISTICS (Input Edge Rate tf.tpl.Ons)_Rev.1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

FO=0 

FO=2 

« 

O 

u. 

K(ns/pF) 

FO=0 

FO=2 

FO=8 




API 

APL1 

iiaei 

Propagation Delay, 





0.42 

0.45 

0.53 



FREF to FREF_CORE 

0.32 

0.34 


0.18 

0.41 

0.42 

0.47 

0-17 


Propagation Delay, 

TESTSELto FVCO, FVCO_DIV2 

2.67 

2.67 

2.67 

0.00 

3.94 

3.94 

3.94 

IQSII 

tr 

Output Rise Time, FREF_CORE 

0.13 




0.19 

0.22 

0.31 


tf 

Output Fall Time, FREF_CORE 

0.12 

0.14 

KSB 


0.18 

0.20 

0.25 


>r 

Output Rise Time, FVCO,FVCO_DIV2 

0.14 

0.16 


0.16 

0.18 

0.20 

0.27 


‘f 

Output Fall Time, FVCO,FVCO_DIV2 

0.15 

0.17 


0.19 

0.17 

0.20 

0.27 

0.24 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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MOTOROLA TECHNICAL DATA 


AP1 AP2 APL1 APL2 


CMOS SWITCHING CHARACTERISTICS (Input Edge Rate tptpl.Ons)_Rev. 1.07 


Sym 

Parameter 

5/5 V 

3.373.3 V 

FOsO 

FO=2 

FO=8 

K (ns/pF) 

FO=0 

FO=2 

FO=8 

K(ns/pF) 



AP2 

APL2 

tpLH 

Propagation Delay, 

0.30 



0.13 

0.42 

0.45 

0.53 

0.27 

^PHL 

FREF to FREF_CORE 




0.18 

0.41 

0.42 

0.47 

0.17 

Vhl 

Propagation Delay, 

TESTSEL to FVCO, FVCO_DIV2 

2.67 

2.67 

2.67 

0.00 

3.94 

3.94 



tr 

Output Rise Time, FREF_CORE 

0.13 

0.16 

CO 

CM 

CD 

0.34 

ElSi 

M»V>M 



tf 

Output Fall Time, FREF_CORE 

0.12 


0.21 

0.20 

MEM 


0.25 

0.18 

tr 

Output Rise Time, FVCO,FVCO_DIV2 

0.14 


0.21 

0.16 

0.18 

0.20 

0.27 

0.22 

tf 

Output Fall Time, FVCO,FVCO_DIV2 

0.15 

0.17 

0.22 

0.19 

0.17 

0.20 

0.27 

0.24 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


CMOS TIMING REQUIREMENTS (Input Edge Rate tptf=1.00ns) Rev. 1.07 
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AP1 AP2 APL1 APL2 


MOTOROLA TECHNICAL DATA 


FUNCTIONAL DIAGRAM: Analog Phase Locked Loop -CMOS Input 


VCOCTLi 


TESTOUTi 


Test Control I Block I 

----10--I 


FREF^CORE 


FREF.MUX Ln-1 iDetectorn Pump^ H FHte? 


FVCO_DIV2 
(to CLKTREE) 


ANALOG 


D 


ANALOG 


SS 


TESTSEL 



IKES 



(from CLKTREE) 
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APD1 APD2 APDL1 APDL2 


MOTOROLA TECHNICAL DATA 


PECL Differential Analog Phase Locked Loop 5/5 V APD1 

(3.3 V and 5 V System/Core Voltage) 5/5 V APD2 

3.3/3.3 V APDL1 

3.3/3.3 V APDL2 



CMOS SWITCHING CHARACTERISTICS (Input Edge Rate tptpl.Ons)_Rev.1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

FO=0 


FO=8 



APD1 

APDL1 

tpLH 

Propagation Delay, 

0.65 

0.66 

0.70 

0.11 


0.92 


0.14 

tpHL 

FREF.FREFB to FREF_CORE 

0.68 

0.69 

0.74 

0.15 


0.99 




Propagation Delay, 

TESTSELto FVCO,FVCO_DIV2 

2.67 

2.67 





3.94 

0.00 

tr 

Output Rise Time, FREF_CORE 

0.11 

0.14 

0.21 

0.25 

0.16 

0.20 

0.31 

0.37 

tf 

Output Fall Time, FREF_CORE 

0.12 

0.14 

0.21 

0.23 

0.18 

0.20 

0.28 

0.26 

tr 

Output Rise Time, FVCO,FVCO_DIV2 

0.14 

0.16 

0.21 

0.16 

0.18 

0.20 

0.27 

0.22 

tf 

Output Fall Time, FVCO,FVCO_DIV2 

0.15 

0.17 

0.22 

0.19 

0.17 

0.20 

0.27 

0.24 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


H4CPIUS Series Design Reference Guide 


MOTOROLA 

7-361 















APD1 APD2 APDL1 APDL2 


MOTOROLA TECHNICAL DATA 


CMOS SWITCHING CHARACTERISTICS (Input Edge Rate tr,tf=1.0ns)_Rev.1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

FO=0 

FO=2 



FO=0 

FO=2 

FO=8 



APD2 

APDL2 

1 ^^ 

Propagation Delay, 

0.65 

0.66 

0.70 

0.11 


0.92 

0.96 

0.14 

l9!Hi 

FREF,FREFB to FREF.CORE 

0.68 

0.69 

0.74 

0.15 


0.99 

1.05 


tpHL 

Propagation belay, TEStseL to FVCO, 
FVCO DIV2 

2.67 

2.67 

2.67 

0.00 

3.94 

3.94 

3.94 

0.00 

»r 

Output Rise Time, FREF_CORE 

0.11 

0.14 

0.21 

0.25 

0.16 

0.20 

0.31 

0.37 

tf 

Output Fall Time, FREF_CORE 

0.12 

0.14 

0.21 

0.23 

0.18 

0.20 

0.28 


tr 

Output Rise Time, FVCO,FVCO_DIV2 

0.14 

0.16 

0.21 

0.16 

0.18 

0.20 

0.27 


tf 

Output Fall Time, FVCO,FVCO_DIV2 

0,15 

0.17 

0.22 

0.19 

0.17 

0.20 

0.27 

0.24 


Capacitance per fanout = 0.05 pF (metal capacitance is not included). 


CMOS TIMING REQUIREMENTS (Input Edge Rate tptf=1.00ns) 

I \ I i«v 



Sym 

Parameter 



tree 

Recovery Time, TESTSEL to FREF 

tree 

Recovery Time, TESTSEL to FREFB 

‘w 

Pulse Width, FREF,FREFB(L) 

tw 

Pulse Width, FREF,FREFB(H) 

tw 

Pulse Width, TESTSEL(L) 


Rate tptf=1.00ns) Rev. 1.07 

3.3/3/3 V 

Minimum Requirement Minimum Requirement 


APD1, APD2 

^003 


-0.03 


0.60 


APDLI, APDL2 

035 


0.35 
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MOTOROLA TECHNICAL DATA 


APD1 APD2 APDL1 APDL2 
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PLLDELAY 


MOTOROLA TECHNICAL DATA 


Non-Inverting Analog PLL Buffer 5/5 V / 3.3/3.3 V PLLDELAY 

1X Drive 

(3.3 V and 5 V Voltage) 


MACRO 

EQUIV. GATES 

PLLDELAY 

1 


Rev. 1.07 


MACRO 

OUTPUTS/INPUTS 

PLLDEUY 

CKOUT/PLLCK 


MACRO 

INPUT CAP. 

PLLDELAY 

PLLCK: O.OSpF 


FUNCTION TABLE 


PLLCK 

CKOUT 

L 

L 

H 

H 


PLLDELAY 


PLLCK 



CKOUT 


CMOS SWITCHING CHARACTERISTICS (Input Edge Rate tptf=1.0ns)_Rev.1.07 


Sym 

Parameter 

5/5 V 

3.3/3.3 V 

FO=0 

FO=2 

FO=8 

K (ns/pF) 

FO=0 



K (ns/pF) 

PLLDELAY | 

tpLH 

Propagation Delay, 

PLLCK to CKOUT 



0.62 

0,82 

0.29 



0.82 

tpHL 




0.75 

0.28 

0.35 

0.58 

0.75 

tr 


0.17 

0.41 

1.14 

2.42 



1.14 

2.42 

tf 




0.61 

1.17 

0.15 

0.26 

0.61 

1.17 


Capacitance per fanout 0.05 pF (metal capacitance is not included). 
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DC ELECTRICAL SPECIFICATIONS 


SECTION 8. H4CPIUS DC ELECTRICAL CHARACTERISTICS 


Table 8-1 Preliminary Electrical Considerations for H4CPIus Series Arrays 


ABSOLUTEMAXtMUM RATM6S ] 

Symbol 

Parameter 



Unit 

HSSSi 

DC Supply Voltage 

-0.5 to 4.6 

-0.5 to 6.0 

V 


DC Input Voltage 

-0.5 to Vdd + 0-5 

-0.5 to Vdd + 0-5 

V 


DC Output Voltage 

-0.5 to Vdd 

-0.5 to Vdd + 0.5 

V 

I 

DC Current Drain per Pin, Any Single Input or Output 

±50 

±50 

mA 

I 

DC Current Drain per Pin, Any Paralleled Outputs 

±100 

±100 

mA 

I 

DC Current Drain VDD and VSS Pins 

±100 

±100 

mA 


Storage Temperature 

-65 to +150 

-65 to +150 

IB 

Tl 

Lead Temperature (10 second soldering) 

300 

300 

—1 


Note: Maximum ratings are those values beyond which damage to the device may occur. 


RECOMMENDED OPERATING CONDITIONS (to guaranteo functionality) 

Symbol 

Parameter 

Min 

Max 

Unit 

Vdd 

DC Supply Voltage, Vdd = 5.0V (Nominal) 

4.5 

5.5 

V 


DC Supply Voltage, Vdd = 3.0/3.3V (Nominal) 

2.7 

3.6 

V 


For testing, only. Vdd range is wider for simulation purposes. 


Notes: 

1. All parameters are characterized for DC conditions after thermal equilibrium has been established. 

2. Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgg or Vdd)- 

3. This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; how¬ 
ever, it is advised that normal precautions be taken to avoid application of any voltage higher than maximum rated volt¬ 
ages to this high Impedance circuit. For proper operation it is recommended that Vj^ and ^out be constrained to the 
range Vss< Mn or VquO^Vdd. 
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Table 8-2 Preliminary DC Electrical Characteristics for H4CPIus Series Arrays (Tg x -40"C to 85X) 


Sytn. Parameter Condition 


Input High Voltage, 

CMOS Inputs (3.3V and 6V core) 


TTL Inputs (6V core) 


Input Low Voltage, 

CMOS Inputs (3.3V and 5V core) 


TTL Inputs (5V core) 


Positive Threshold Voltage, 
CMOS Schmitt Trigger 


TTL Schmitt Trigger 

Negative Threshold Voltage, 
CMOS Schmitt Trigger 


TTL Schmitt Trigger 


Hysteresis - CMOS Schmitt Trigger 


Hysteresis - TTL Schmitt Trigger 


Output High Current, 
ONI 6 Output Type 


ON8 Output Type 


ON4 Output Type 


ON2 Output Type 


Output Low Current, 

ONI 6 Output Type 

ON8 Output Type ^ ^ 

ON4 Output Type 
ON2 Output Type 


Output High Voltage, LVCMOS 


Output Low Voltage, LVCMOS 


Input Leakage Current, 
No Pull Resistor 


with Pullup Resistor 


with Pulldown Resistor 


PDL;V|^ = V, 




Output Leakage Current, 

3-State Output 

Output = Hi impedance 
Vout = ^DD or ^SS 

■a 

to 

-10 

10 


'oz 

Output Leakage Current, 

Open Drain Output (Device Off) 

Output = Hi Impedance 
Vout = VDD 

ill 

to 

-10 

10 

P-A 


Max Quiescent Supply Current 

lout p: 0mA 

Vin = VDDorVss 

Design Dependent 

01 


''V,H = 2.0V8rtVpo = 5V±5% 

Single-Drive Output 

For 3.3V ± 0.3 and 5V +10%, oniy^ For 2.7 V consult factory. 
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DC ELECTRICAL SPECIFICATIONS 


Table 8-3 Preliminary DC Electricai Characteristics for H4CPIus GTL I/O (Tg = -40’C to 85’C) 


Sym. 

Parameter 

Conditions 

Vdd= 3.3V±0.3V 
Guaranteed 

VpD=5V±10% 

Guaranteed 

m 



DC Characteristics for GTL Receivers | 



N/A 

VvR08+0-^f^ 

Vpp+0.30 

VvR 08 +®TO 

Vdd+0.30 

V 



N/A 






m 

Input High Current, 

GTL Input 

V|n=VTT,VDD=Max 

- 

5 

- 

5 


III 

Input Low Current, 

GTL Inputs 

Vin=0.4V, Vdd= Max 

- 

-5 

- 

-5 

HA 

Vvros 

GTL Ref. Voltage 

- 

0.68 

0.90 

0.68 

0.90 

D 

IBM 

Typical Quiescent Supply Current 

- 

2.0 


DC Characteristics for GTL Drivers | 


Output High Voltage, 

20mA Output Macros 

Ioh="^0mA> Vpp= Min 






40mA Output Macros 

Vpp= Min 





VoL 


loL=20mA, Vpp= 3 V 

- 

0.4 

- 

- 

V 

40mA Output Macros 


- 

0.4 

- 

- 


Output Low Voltage, 

24mA Output Macros 



- 

> 



48mA Output Macros 

l0L=48mA, Vpp= 4.5 V 

- 

- 

- 

0.4 

bzH 

GTL Output Off Current High 

Vout=1.2V,VDD=Max 

- 

10 

;- 

10 

12m 

•ozt 

GTL Output Off Current Low 

Voup0.4V,VDp=Max 

- 

-to 

- 

-10 



* Not tested. 


Notes; 

1. Recommended: Vjt = 1 .2V ± 5%, Vvros = (2/3) Vjt, RT == 250^00. 
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Table 8-4 Preliminary DC Eiectrical Characteristics for H4CPIus CMTL Buffers (Tg = -40‘C to 85"C) 
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* Not tested. 

** OD32TCMT and BON32TCMT macros, only, 
t Loads across differential CMTL outputs, 
c Consult factory. 
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DC ELECTRICAL SPECIFICATIONS 


Table 8-5 Preliminary DC Electrical Characteristics for PECL Receivers (Tg = -40"C to 85‘C) 


Sym. 

Parameter 

Conditions 

Vdd= 3.3V±0.3V 
Guaranteed 

Vdd=5V±10% 

Guaranteed 

Unit 

Min. 

Max. 

Min. 

Max. 

DC Characteristics for PECL Receivers | 

V|DH 

Minimum Input High Voltage, 

PECL Differential Input 

See Definition in 
Section 9 

- 

100 

- 


on 

V|DL 

Input Low Voltage, 

PECL Differential Input 

See Definition in 

Section 9 

- 


- 


Q| 

V|CM 

Input Common Mode Voltage 
Range, V|cm Min 

See Definition in 
Section 9 

Vdd-2.0 

- 


- 

V 

V|CM Max 

- 

Vdd-0.8 

- 



i|H 

Input High Current, 

PECL Input 

Vin=VQD, V0Q=Max 

- 

5 

- 

5 


IlL 

Input Low Current, 

PECL Input 

Vin=Vss. VDD=Max 

- 

5 

- 

5 


•dd* 

Max Quiescent Supply Current 

- 

0.5 

mA 


* Not tested. 


Table 8-6 Preliminary Electrical Characteristics for H4CPIus Series PCI Buffers (Tg = -40‘C to 85"C) 


Sym. 

Parameter 

Condition 

VoD= 3.3V±0.3V 
Guaranteed 

Vdd=5V±10% 

Guaranteed 

Unit 




Mlii: 1 Max! 

Min. 1 Max. 



Input High Voltage 


Input Low Volage 


Input High Leakage Current 
Input Low Leakage Current 


DC Characteristics for PCI Receivers 


0.475Vdd 


3.3 V: 0<V|n<VDD 
5.0 V: Vjn = 2.7 V 

~ 3.3V; 0<Vjn<VDD 
5.0 V: Vjn = 0.5 V 


DC Characteristics for PCI Drivers 



VOH 

Output High Voltage 

VoL 

Output Low Voltage 



O.IVdd 


AC Characteristics for PCI Drivers (Not Tested) 


Output High Voltage Minimum 


VoHmax 

Output High Voltage Maximum 

3.3 V 
5.0 V 

lout “ "32 rnA 
lout =-142 mA 

- 

VoLmin 

Output Low Voltage Minimum 

3.3 V 
5.0 V 

iout ~ ^ 8 mA 
lout = 95 mA 

0.6Vdd 

^OLmax 

Output Low Voltage Maximum 

3.3 V 
5.0 V 

lout = 38 mA 
lout = 206 mA 

- 
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SECTION 9. DEFINITIONS OF SPECIFICATIONS 


CURRENT 

For the purpose of describing the direction of cur¬ 
rent flow a positive current refers to current flow into 
a device while negative current refers to current flow 
out of a device. 

Iqq Maximum Quiescent Supply Current 

The power supply current required without any 
internal nodes in the process of switching, under the 
specified conditions. 

Ijn Input Leakage Current 

The maximum input leakage current, flowing into 
or out of a buffer, under the specified conditions. 

Iqh Minimum Current of Output Buffers 

The guaranteed minimum current flowing from an 
output buffer at the specified voltage level for the in¬ 
dicated buffer type and the indicated conditions. 

Iql Maximum Current of Output Buffers 

The guaranteed minimum current flowing into an 
output buffer at the specified voltage level for the in¬ 
dicated buffer type and the indicated conditions. 

Iqz Output Leakage Current 

The maximum output leakage current of an out¬ 
put buffer in the high-impedance state, under the 
specified conditions. 


CAPACITANCE 

Cjn Input Capacitance of Input Buffers 

The maximum internal capacitance seen at the 
pad of an input buffer. 

C|/o Input Capacitance of Bidirectional Buffers 

The maximum internal capacitance seen at the 
pad of a bidirectional buffer in input mode. 

Cl Load Capacitance 

The total external capacitance seen by an output 
buffer. 

Cout Output Capacitance of Output Buffers 

The maximum internal capacitance seen at the 
pad of an output buffer or bidirectional buffer In out¬ 
put mode in a high-impedance state. 


VOLTAGE 

All voltages are referenced to ground (Vss)- 

HYSTERESIS 

The difference In response due to the direction of 
input change. Specifically, the difference between 
Vt+ and Vt.. 

VcMRR Common Mode Rejection Range 

The common mode voltage rejection range for a 
driver/receiver combination is dependent on the sys¬ 
tem operating conditions. Vqi^rr Is the voltage range 
In which the output driver ground can be different 
from the input receiver ground while the receiver op¬ 
erates normally with the specified V|d. V|cm+ speci¬ 
fies the upper voltage limit and V|qm. specifies the 
lower voltage limit. In a system, the common mode 
voltage rejection range can be calculated using the 
following equations at the appropriate frequency, in¬ 
put voltage, line attenuation, power supply voltage 
range, and Vpp differences between driver and re¬ 
ceiver: 

VcMRR+ = V|CM+ " Vos 

VcMRR- = V|CM-'Vos 

Vpp Positive Power Suppiy Voltage 

V|CM Input Common Mode Voltage 

The midpoint differential input voltage range for 
normal operation of the differential receiver in which 
the V|CM+ specifies the upper voltage limit and V|cm- 
specifies the lower voltage limit. When the Inputs are 
switching, the crossing voltage must be between the 
V|CM- and V|CM+ values of Vip^. For input signals V|a 
( true) and V|b (complement), V|cm= (V|a+ V|b)/2. 

V|p The Differential input Voltage Signal 

The signal is defined as the difference in the volt¬ 
ages between the true and complement inputs of the 
differential receiver. For Input signals V|a (true) and 
V|B (complement), V|p = V,a - V|b. 

V|pH Differential Input Voltage HIGH 

The voltage level is defined as a positive value that 
results when taking the true input voltage In the 
“high” state and subtracting the complement Input 
voltage in the “low” state. For input signals V|a (true) 
and V|B (complement), V|dh = V|ha - V|lb- 
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V|QL Differential Input Voltage LOW 

The voltage level is defined as a positive value that 
results when taking the complement input voltage in the 
“high” state and subtracting the true Input voltage In the 
“low” state. For input signals V|a (true) and V|b (comple- 
merit), V|dl = V,hb - Vjla- 

V|H Input HIGH Voltage 

The guaranteed input high threshold for inputs to 
the device. Whenever the Input voltage level exceeds 
this value, a logic high will be recognized by the device. 

V|L Input LOW Voltage 

The guaranteed input low threshold for inputs to the 
device. Whenever the input voltage level Is below this 
value, a logic low will be recognized by the device. 

Vqd The Differential Output Voltage Signal 

The signal Is defined as the difference in the voltages 
between the true and complement outputs of the differ¬ 
ential driver. For output signals Vqa (true output) and 
VoB (complement output). Vqd = Vqa " Vqb- 

Vqdh 'The Differential Output Voltage HIGH 

The voltage level is defined as a positive value that 
results when taking the true output voltage in the “high” 
state and subtracting the complement output voltage in 
the “low” state. For output signals Vqa (true) and Vqb 
( complement), Vqdh = Vqha - Vqlb- 

Vqdl ^tie Differential Output Voltage LOW 

The voltage level is defined as a positive value that 
results when taking the complement output voltage in 
the “high” state and subtracting the true output voltage 
in the “low” state. For output signals Vqa (true) and Vqb 
( complement), Vqdl = Vqhb " Vqla- 

Vqh Output Voltage HIGH 

The voltage level at the output terminal is specified 
with a resistor load or a load current. Vqha or Vqhb •'O" 
fers to the Vqh level at the A or B output terminal. 

Vql Output Voltage LOW 

The voltage level at the output terminal is specified 
with a resistor load or a load current. Vqla or Vqlb re¬ 
fers to the Vql level at the A or B output terminal. 

Vos Output Offset Voltage or Output Com¬ 
mon Mode Voltage 

This signal Is defined as the voltage midpoint of the 
output signal. For differential output signals Vqa (true) 
and Vqb (complement), Vqs = (Vqa + Vob)/2. For a sin¬ 
gle-ended output Vqs = (Vqh + Vol)/2. 


Vqsh The Output Offset Voltage or Output Com¬ 
mon Mode When The Differential Output is in the 
“HIGH” State 

This voltage is defined as the voltage midpoint of the 
differential output in the “high” state. For output signals 
Vqa (true) and Vqb (complement), 

Vqsh = (Vqha + VolbV2. 

Vqsl The Output Offset Voltage or Output Com¬ 
mon Mode When The Differential Output is in the 
“LOW” State 

This voltage is defined as the voltage midpoint of the 
differential output In the “low” state. For output signals 
Vqa (true) and Vqb (complement), 

Vqsl = (Vqhb + Vola)/2. 

Vss Negative Power Supply Voltage 

Vj^ Positive-Going Voltage Threshold 

The voltage level at which an Input will recognize a 
logic low-to-high transition when the voltage level has 
been increased from a value below V t-(min). 

Vj. Negative-Going Voltage Threshold 

The voltage level at which an input will recognize a 
logic high-to-high transition when the voltage level has 
been decreased from a value above V t+(max). 

AVqd The Change in Differential Voltage Between 
Complementary States 

The voltage change is defined as the magnitude dif¬ 
ference of Vqdh 2 ind Vqdl- 

AVqs The Change in Output Offset Voltage Be¬ 
tween Complementary Outputs for Differential Sig¬ 
nals 

The voltage change is defined as the magnitude dif¬ 
ference of Vqsh arid Vqsl- 


AC SWITCHING PARAMETERS and WAVEFORMS 

tpHL Propagation Delay HIGH-TO-LOW 

The time delay from an Input signal to the HIGH-TO- 
LOW transition of an output signal (see Figures 9-1 
through 9-4). 

tpLH Propagation Delay LOW-TO-HIGH 

The time delay from an input signal to the LOW-TO- 
HIGH transition of an output signal (see Figures 9-1 
through 9-4). 
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Figure 9-1 Non-Inverting CMOS Input Buffers, 
Output Buffers and Internal Macros 



Figure 9-2 Non-Inverting TTL Input Buffers 


tr Signal Rise Time 

LOW-TO-HIGH logic transition time on a signal, 
measured from the 10% to the 90% points of the 
waveform (see Figure 9-5). 

tf Signal Fall Time 

HIGH-TO-LOW logic transition time on a signal, 
measured from the 90% to the 10% points of the 
waveform (see Figure 9-5). 

tpHz Output Disable Time HIGH-TO-Z 

The time delay encountered for the output to 
switch from a “high” state or logical '1' to a high-lm- 
pedance state after the output enable signal is dis¬ 
abled. For Internal macros this measurement Is 
independent of load capacitance (Figure 9-6). Out¬ 
put is guaranteed to be in high-impedance state as 
soon as signal at E1 and E2 reaches threshold. Ex¬ 
ternal outputs are dependent on load capacitance. 
(Figure 9-7). 



Figure 9-3 Inverting CMOS Input Buffers, Output 
Buffers and Internal Macros 



Figure 9-4 Inverting TTL Input Buffers 


tpLz Output Disable Time LOW-TO-Z 

The time delay encountered for the output to 
switch from an active LOW to a hIgh-Impedance 
state after the enable signal is negated. For internal 
macros this measurement is independent of load ca¬ 
pacitance (Figure 9-6). Output is guaranteed to be In 
3-state as soon as signal at E1 and E2 reaches 
threshold. External outputs are dependent on load 
capacitance.(Figure 9-7). 

tp 2 H Output Enable Time Z-TO-HIGH 

The time delay for an output buffer to switch from 
a high-impedance state to a “HIGH” state after the 
output enable signal is asserted (see Figures 9-6 and 
9-7). 

tpzL Output Enable Time Z-TO-LOW 

The time delay for an output buffer to switch from 
a high-impedance state to a “LOW” state after the 
output enable signal is asserted (see Figures 9-6 and 
9-7). 



Figure 9-5 Signal Rise and Fall Time Measurements 
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Figure 9-6 Internal Cell HIGH-Impedance State Measurements and Example Circuits for A) Active LOW 

Enable, and B) Active HIGH Enable Macros 



R = 1K FOR PADS 

CONNECT TO VDD WHEN 
TESTING tpL2 AND tp^L. 

CONNECT TO VSS WHEN 
TESTING tpHZ AND tp^n. 


Figure 9-7 Output Buffer HIGH-Impedance State Measurement and Test Circuit 
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^50% 

1 ^ . \/oo 


1 Vec 

^50% 

-VSS 


Figure 9-8 Recovery Time Measurement 


tree Recovery Time 

The minimum time required between the disabling 
edge of an asynchronous signal (set, reset, load) and 
the enabling edge of a synchronous signal (clock) (see 
Figure 9-8). 

th Hold Time 

The minimum time during which data to be recog¬ 
nized must remain constant after the specified edge of 
the control signal (usually the clock) to ensure proper 
data recognition (see Figure 9-9). 


tguSetup Time 

The minimum time during which data to be recog¬ 
nized must remain valid prior to the specified edge of 
the control signal to ensure proper data recognition 
(see Figure 9-9). 


DATA 




■50% 


VALIC 



VDD 

VSS 


CLOCK or 
CONTROL 




Figure 9-9 Setup and Hold Time Measurements 
Between Data and Clock/Control Signals (Active 
Rising Edge Example) 


tvv(H)Pulse Width (HIGH) 

The minimum time between the 50% point of the ris¬ 
ing edge and the 50% point of the falling edge of a 
pulse (see Figure 9-10). 

tw(L)Pulse Width (LOW) 

The minimum time between the 50% point of the 
falling edge and the 50% point of the rising edge of a 
pulse (see Figure 9-10). 

Operating Frequency 

The maximum rate at which clock pulses meeting 
the clock requirements (I.e., t^, t r, 50% duty cycle) may 
be applied to a sequential circuit. Above this frequency 
the device is not guaranteed to function. 



Figure 9-10 Switching Waveforms Showing tw(L) 
and tw(H) Measurements 


RAM-MACROCELL SWITCHING CHARACTERISTICS DEFINITIONS 


^Address Access Time 

The propagation delay time between a valid ad¬ 
dress and data accessed by that address being present 
and valid at the output, (see Figures 9-11 and 9-12). 

t oH^utput Hold Time 

The time in which output data will remain present 
and valid, following a change on the address inputs, 
which access the data. (Figure 9-11). 


UwB Address to Write Enabie Setup Time 

The minimum time between changes on the ad¬ 
dress inputs and assertion of the Write Enabie line, 
(see Figure 9-12). 

tAsu Address to Write Enable Setup Time 

The minimum time between changes on the ad¬ 
dress inputs and deassertion of the Write Enable line, 
(see Figure 9-12). 
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tWP Write Enable Pulse Width 

The minimum time the Write Enable line must re¬ 
main in either the Logic low or Logic high state, (see 
Figure 9-12). 

%DO Write Enable Assertion to Data Out 

The propagation delay between assertion of the 
Write Enable line and internal data reaching, and being 
valid, at the output, (see Figure 9-12). 

toDO In to Data Out 

The propagation delay between changes on the 
data inputs and that changed data reaching, and being 
valid, on the data output; write operation only (see Fig¬ 
ure 9-12). 


tosu D^ta In Setup Time 

The minimum time between changes on the data in¬ 
puts and the end of the write operation (negation of 
Write Enable line), (see Figure 9-12). 

tAH^ddress Hold Time 

The minimum time the address inputs must contin¬ 
ue to be held in their same Logic state following com¬ 
pletion of the write operation (negation of Write Enable 
line), (see Figure 9-12). 

tpH^ata In Hold Time 

The minimum time the data Inputs must continue to 
be held in their same Logic states following completion 
of the write operation (negation of Write Enable line), 
(see Figure 9-12). 


READ/WRITE 
ENABLE 




ADDRESS 


DATA OUT 


X 


<AA 


X 


PREVIOUS DATA 


X 


DOUT 


X 


Figure 9-11 RAM Read Cycle 


^ASU- 


READ/WRITE 

ENABLE 



ADDRESS 



DATA OUT 


DATA IN 



U-^AA-fcJ DATA at WRITE 
• : ADDRESS 




DIN 


PREVIOUS 

DATA 


boo 




Figure 9-12 RAM Write Cycle 
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DIFFERENTIAL VOLTAGE CHARACTERISTICS AND DESCRIPTION 


The difference (D = A - B) between two complemen¬ 
tary signals is the differential voltage, (see Figure 9-13). 

Waveform Definition for Differential Signals 

The terminology used for describing differential sig¬ 
nals can be described by observing the waveforms 
shown in Figure 9-13. The signals can be either outputs 
or inputs with the voltage levels separated by a T to 
distinguish between output/input. A single-ended signal 
consists of one output connected to one or more logic 
inputs such as signal Vqa or Vqb when used Indepen¬ 
dent of each other. For the example shown In Figure 9- 
13, the voltage per pin of output Vqa or Vqb is 1 Vpp 
(volts peak-to-peak). If the Vqa and Vqb signals are the 
complement of each other at all times, including during 
switching, then the signals together make up a differen¬ 
tial pair or differential signal. The differential voltage is 
defined as the difference In the voltages between the 
differential pair. Signal VqdA/id is the resulting differen¬ 
tial output/input signal when signal Vqb/Vib is subtract¬ 
ed from signal Vqa/Via- 

For the example shown in Figure 9-13, the differen¬ 
tial output voltage, Vqd. is + 1.0 volt in the “high” state 
(Vqdh) "“i -0 volt In the “low” state (-Vqdl) when the 
Vqa and Vqb signals have a Vqh = 3.1 V and Vol = 2.1 


V. The differential output voltage can also be described 
as a peak to peak voltage such as 2.0 Vpp. Thus, the 
differential output voltage can be described as ± 1.0 volt 
or 2.0 Vpp. In the specifications, Vqdh Vqdl 
specified for the differential output voltage with a value 
equal to 1.0 volt for the example shown. 

The differential input voltage is defined similarly. For 
the example shown In Figure 9-13, the differential input 
voltage, V|d, Is +0.2 volt In the “high” state (V|dh) and - 
0.2 volt In the “low” state (V|dl) when the signals have 
a V|H = 2.7 V and V|l = 2.5 V. Thus, the differential input 
voltage can be described as ±0.2 V or 0.4 Vpp. For dif¬ 
ferential Inputs, the absolute values of V|h and V|l can 
vary as long as the difference Is greater than the spec¬ 
ified value for V|dh and V|DL (0.2 V for the example 
shown) and they are within the input voltage range 
(Vji_min to Vinmax) and the input common mode volt¬ 
age range (Viq^- to ^\cm+) of the receiver. In the spec¬ 
ifications, V|DH and V| 0 |_ are specified for the differential 
input voltage with a value equal to 0.2 volts for the ex¬ 
ample shown. 

Note: 

See SECTION 9 for further definitions of letter sym¬ 
bols and specifications. 


Voa/V,a 
Single-ended 
output/input 
for signal A 

Vob/V|b 
Single-ended 
output/input 
for signal B 


Voh/V|h 


\ Vql/Vil XTTx:: 


_3.1V/2.7V 


Voh/V|h 


1 


Single ended Voltage is 
1.0 Vpp output/0.2 Vpp input 


2.1V/2.5V 


- SAWIZjy 


Single ended Voltage is 
1.0 Vpp output/0.2 Vpp input 


2.1V/2.5V 



Vqdh = Vqha ’ Vqlb 
Vqdl = Vqhb ' Vqla 


V|DH = V|hA " ViLB 
V|DL = V|hb ■ Vila 


Figure 9-13 Differential Voltage 
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SECTION 10. GLOSSARY 


CDA (Customer Defined Array) 

Gate array with embedded blocks. 

Clock Frequency 

The reciprocal of the clock period. 

Clock Period 


ASIC (Application Specific Integrated Circuit) 

An 1C whose function is specified or designed by the 
customer including gate arrays, standard cell arrays, 
etc. Within the scope of this document ASIC refers to 
gate arrays and customer defined arrays. 

Automatic Place and Route 

Automated wiring of a gate array to form the compo¬ 
nents and interconnections which define the function of 
a specific circuit. The data from place and route is used 
to define the metallization masks used for the fabrica¬ 
tion of an ASIC. 

Back-Annotation 

To use place and route data (metal interconnect 
lengths and capacitances) to enable accurate delay 
and timing simulation of an ASIC circuit. 

BGA (Ball Grid Array package) 

(see OMPAC) 

BIST (Built-in Seif Test) 

Logic functions which automatically test memories 
such as RAMs using test-pattern generation, test appli¬ 
cation, and response evaluation. 

Bond (die) Pad 

One of many metal connection points that reside 
along the periphery of the die used to attach a connec¬ 
tion between a unique internal I/O port and external 
package pin. 

Burst Pin 

Capability of an 1C tester to repeat clock pulses to 
test BIST structures without using large quantities of 
tester memory. 

CAD/CAE (Computer Aided Design 
and Engineering) 

The use of computers to perform any development, 
design and analysis tasks. 

Cavity Up/Cavity Down 

Cavity Up (CU) is a package design where the back¬ 
side of the chip is facing toward the board once the 
package is mounted, whereas In Cavity Down (CD) the 
backside of the chip is facing away from the board. 


The time delay that exists between all clocked ele¬ 
ments when a clock signal Is distributed throughout a 
design. 


The time difference between the arrival of a common 
clock pulse at two or more devices. 

CMTL™ (Current Mode Transceiver Logic) 

Motorola developed I/O buffers designed for high¬ 
speed, low-power Interfacing. 


The number of bits of data transferred or processed 
per second. One bit of data is transferred between se¬ 
quential elements (flip-flops, registers, etc.) during one 
clock period, therefore the maximum data rate is equiv¬ 
alent to the clock frequency. For example, a 30 MHz 
clock results in a maximum 30 Mb/s data rate. 

Delay, Maximum 

The value specified for the worst-case process, 
worst-case voltage, and worst-case temperature varia¬ 
tions. It may or may not have a worst-case capacitance 
load associated with it. 

Delay, Minimum 

The value specified for the best-case process, best- 
case voltage, and best-case temperature variations, it 
may or may not have a best-case capacitance load as¬ 
sociated with it. 

Delay, Typical 

The value specified for the typical process, the typi¬ 
cal voltage, and the typical temperature variations. It 
may or may not have a typical capacitance load asso¬ 
ciated with it. 


Clock Skew 


Data Rate 
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Design for Testability 

A design methodology and discipline that considers 
test requirements throughout the design cycle and in¬ 
corporates features that permit thorough testing with 
minimum effort and maximum fault detection. 


Design Release 

The transfer of design data (netlist, test vectors, etc.) 
to Motorola for prototype fabrication. The customer 
must have successfully completed all design, simula¬ 
tion, and verification phases prior to release. 

Die 

Silicon “chip” containing micro electronic devices. 

Differential Inputs 

These are Inputs driven by the true and complement 
input signals. 

Differential Outputs 

These are outputs driven by the true and comple¬ 
ment output of a single macrocell element. 

DRC (Design Rules Check) 

Automated analysis of technology specific design 
rules pertaining to the dimensions, spacing and ratios 
of the various device layers in fabrication. 

EDIF (Electronic Design Interchange Format) 

An industry standard textural format for describing all 
types of electronic design Information Including sche¬ 
matics and symbols. 

EIAJ (Electronics Industry Association of Japan) 

ERC (Electrical Rules Check) 

Automated analysis of technology specific rules per¬ 
taining to the use of internal and I/O macrocells for cir¬ 
cuit design. 


ESD (Electrostatic Static Discharge) 

The temporary charging effect of a high-voltage 
caused by static electricity. ESD is easily generated 
and often reaches over a thousand volts. ESD can 
cause damage to sensitive CMOS circuitry If proper 
handling precautions are not employed. 


0 


Fall Time 

The time required for an output to transition from the 
90% voltage level to 10% of its final output voltage lev¬ 
el. 


Gate 

A unit consisting of 2 p-channel and 2 n-channel 
transistors used to define the size of individual macro¬ 
cells and to quantify gate array density. 

Gate Array 

An arrangement of transistors on a die whose inter¬ 
connections are defined by the customer to produce a 
specific logical function. 

GTL™ (Gunning Transceiver Logic) 

Xerox Co. developed CMOS low-voltage-swing 
transceiver. 

H4C 

Refers to the H4C Series of Motorola High Density 
CMOS macrocell arrays. 

H4CP, H4CPIU8 

Refers to the H4CPIus Series of Motorola High Den¬ 
sity CMOS macrocell arrays. 

HD, HDC 

Refers to the HDC Series of Motorola High Density 
CMOS macrocell arrays. 

Hot Carrier injection 

The phenomena of highly energized carriers entering 
the gate oxide region and, because of their charge, 
causing reliability problems for rapid gate switching. 

IDD 

A measurement of the current leakage of the die 
when everything Is turned “off*. If the current leakage is 
above a certain threshold, you probably have a short 
somewhere on the die; hardware test culls any die that 
are above the allowed threshold. 

JTAG (Joint Test Action Group) 

Developers of boundary scan methodology for test¬ 
ing IC’s and boards. 

JEDEC (Joint Eiectronic Device Engineering Coun¬ 
cil) 

K-Factor 

A multiplier used in propagation delay and timing cal¬ 
culations. Determines the sensitivity of delay and timing 
to external factors including capacitive loading, input 
rise/fall times, etc. See Section 7. 
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Latch-Up 

An abnormal operating condition of CMOS devices 
where the device stops all function and damage may 
occur. This is caused by an input of a device momen¬ 
tarily being driven beyond the power supply voltage 
(VDD). This relative bias condition creates a silicon- 
controlled rectifier (SCR) through the die, thus causing 
latch-up. 

Layout 

See automatic place and route. 


NDA (Non-Disclosure Agreement) 

A contract in which the customer agrees to not dis¬ 
close Motorola proprietary information. 

NRE (Non-Recurring Engineering) 

A one-time fee charged to customers for materials 
and services in producing ASIC prototypes. 

OACS (Open Architecture CAD System) 

A system of workstation software used to design and 
verify Motorola ASIC designs. 


LDD (Lightly Doped Drain) 

A diffusion process in CMOS device fabrication to 
minimize hot carrier injection by reducing the electric 
field across short channel gates. 

L-eff 

Effective gate channel length caused by post-drive 
lateral diffusion of the drain and source. 

LSSD (Level-Sensitive Scan Design) 

LSSD alms at reducing the sensitivity of the circuit to 
ac parameters (including rise/fall times, setup/hold 
time, and propagation delays) and variation in parame¬ 
ters due to processing variations, physical layout, and 
operating voltage. LSSD uses dual- and single-port 
latches for memory and multiphase clocking for syn¬ 
chronization. 

MCR (Molded Carrier Ring) 

Device used to protect and maintain package pin 
alignment during handling. 

Metal Layer 

Layers on aluminum deposited over a gate array In 
which interconnections between transistors and logic 
blocks are made. 

MicroCool 

QFP compatible plastic package with internal heat 
sink for higher heat dissipation capacity. 

Micron 

One-millionth (10'®) of a meter. 


OMPAC^ (Over-Molded Pad Array Carrier) 

A package whose pins consist of an array of solder 
balls. 

Operating Frequency, Maximum 

Fmax Is the maximum rate at which clock pulses 
meeting the clock requirement (tw, tr, and tf) may be 
applied to a sequential circuit and have the circuit func¬ 
tion properly. 

Option 

A unique customer ASIC design. 

Option Cycle Time: 

The time required for Motorola to complete the man¬ 
ufacture of an ASIC 

Pad Pitch 

The distance (in microns) between the midpoints of 
adjacent I/O bond pads. 

PCI (Peripheral Component Interconnect) 

A high-performance local-bus standard used to inter¬ 
face with high-speed peripherals. 

Physical Database 

Electronic files which describe all process layers In 
the fabrication of a gate array. May also be used in de¬ 
scribing customer design specific data. 

Poly (Polysilicon, Polycrystalline silicon) 

Conductive material in CMOS device fabrication 
used for gates and transistor Interconnection. 


Netlist 

A textual (ASCII) description of an electronic circuit 
which includes circuit components, interconnections, 
and specific Information related to the design and tech¬ 
nology used. 


Propagation Delay 

The amount of time a circuit takes to logically change 
Its outputs due to a change In inputs. It also refers to the 
amount of time It takes a signal to travel over a length 
of metal interconnect. 
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Primary Cell 

The basic architectural block of a CMOS array 
consisting of a group of four p-channel and four n- 
channel transistors. 

PECL (Pseudo-ECL) 

Refers to CMOS functions which comply with ECL 
voltage levels. 

QFP (Quad Flat Package) 

A surface mount, four sided gullwing leaded pack¬ 
age which conforms to EIAJ/JEDEC. See Section 4. 

Recovery Time (tree) 

The time between the disabling edge of an asyn¬ 
chronous signal (set, reset and load) and the en¬ 
abling edge of a synchronous signal (clock). 

Rise Time (tr) 

The time required for an output to transition from 
the 10% voltage level to 90% of its final output volt¬ 
age. 

Scan Design 

A design-for-test methodology in which all se¬ 
quential elements (flops, latches, etc.) are multi¬ 
plexed such that in test mode data path chains are 
created and monitored. 

Scan Pins 

Connections on a tester capable of high speed 
scan testing. 

Schematic Capture 

a design-for-test methodology in which all sequen¬ 
tial elements (flops, latches, etc.) are multiplexed 
such that in test mode data path chains are created 
and monitored. 

Sea-of-Gates 

A gate array architecture in which no channels for 
device interconnections exist. Interconnections are 
provided by multiple conductive layers above the 
gate array. 


Setup Time 

The minimum time during which data to be recog¬ 
nized must remain constant prior to the specified 
edge of the control signal to ensure proper data rec¬ 
ognition. 

Skew 

The difference in delay between two parallel signal 
paths. 

Test Vectors 

Input stimulus specially prepared to test ASIC pro¬ 
totypes on production test equipment. 

Test Verification 

The process of proving the effectiveness of a set 
of test vectors toward correct operation of the circuit. 

Turnkey 

Engineering services an ASIC manufacturer pro¬ 
vides (for a fee) to perform tasks normally required of 
the customer to design an ASIC application. 

UTiC (Universal Test Interface Code) 

Developed by Motorola. 

UTIC Language 

UTIC is a language for describing device stimulus, 
expected response, parametric test Information and 
package information. This Information is used as in¬ 
put to automatic test program generation software 
and the Verilog simulator. 

Via 

A vertical length of metal deposited through a 
small hole in oxide used to electrically connect two 
layers of metal. 

Wirebond 

A step in die packaging where thin wires are bond¬ 
ed between die I/O pads and package pads. 
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1. Introduction 

This application note describes how IEEE standard bound¬ 
ary scan, commonly referred to as “JTAG,” has been imple¬ 
mented on Motorola’s H4C family of sub-micron CMOS gate 
arrays. The user is assumed to have a working knowledge of 
JTAG boundary scan. For background information refer to the 
IEEE specification entitled “Standard Test Access Port and 
Boundary-Scan Architecture, IEEE Std. 1149.1-1990,” and to 
the textbook entitled “The Test Access Port and Boundary- 
Scan Architecture” by Maunder and Tulloss, published by the 
IEEE Computer Society Press. 

Section 2. describes the macros which have been added 
to the H4C library to facilitate designing boundary scan cir¬ 
cuitry into an H4C gate array. 

Section 3. describes how the JTAG clock and control sig¬ 
nals are distributed around the chip periphery to each pin’s 
boundary scan cell (BSC). The design constraints associated 
with the distribution of these signals are also described. 

Section 4. describes how to add boundary scan to a chip 
whose system logic has been designed using conventional 
scan techniques. Mustang™, Motorola’s scan ATPG (Auto¬ 
matic Test Pattern Generation) tool, is used to test the JTAG 
circuitry as well as the system scan circuitry. 

Section 5. presents an example JTAG circuit and de¬ 
scribes the process the designer must go through to establish 
the chip pin-out. The constraints described in Section 3.0 
must be taken Into consideration. 

Section 6. describes the CAD design flows used when de¬ 
signing an H4C array which incorporates JTAG boundary 
scan. 

Appendix A lists the ERC (Electrical Rule Checker) rules 
that are specific to JTAG circuitry. The majority of these rules 


are associated with the design constraints described in Sec¬ 
tion 3. 

Appendix B provides background information relevant to 
the “Mustang-Compatible JTAG” discussed in Section 4. 

Appendix C describes how to build the EDIFMERGE “At¬ 
tribute file” for JTAG designs using Synopsys logic synthesis. 

Appendix D provides H4CP specific procedures. 

2. H4C JTAG Macro Descriptions 

Technical data, including logic diagrams, for ail JTAG mac¬ 
ros in the H4C library can be found in the H4C Series Design 
Reference Guide . These macros have been placed In three 
categories in the descriptions that follow: I/O macros, core 
macros and special purpose macros. 

2.1 I/O Macros 

I/O macros include the input, output and bidirectional 
boundary scan cells. The JTAG boundary scan logic associ¬ 
ated with these macros is diffused into the peripheral I/O 
sites. The JTAG logic in a given I/O site is used only If a JTAG 
BSC macro is instantiated at the package pin bonded to that 
I/O site. 

Non-JTAG hi-drive output and bidirectional macros have 
always carried a “hl-drive” property to differentiate them from 
their normal-drive counterparts. However, hl-drive versions of 
the JTAG output and JTAG bidirectional macros have no 
such hi-drIve property. Instead, there Is a separate macro for 
each JTAG hl-drive so that the timing of these macros can be 
modeled correctly. 

2.2 Core Macros 

Macros residing in the core of the array include the Bypass 
Register (BPREG), Device Identification Register (IDREG), 
Instruction Register (MC_IREG4), and TAP Controller 
(FMC.TAPC). 

The IDREG and BPREG are hard macros In the H4C li¬ 
brary. Motorola will assign device identification codes accord¬ 
ing to the following format: 

Bit#: 31-28 27—22 21-1211-0 

Value: VVVV 000111 DDDDDDDDDD000000011101 

where 

Bits 31 -28: version number assigned by Motorola ASIC 

Bits 27-22: unique number assigned to Motorola ASIC 

Bits 21-12: sequence number assigned by Motorola ASIC 

Bits 11 -0: unique number assigned to Motorola Inc. 
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The MC_IREG4 is a soft macro; it consists of a schematic 
capture symbol (or Verilog HDL module) which is comprised 
of individual gate and flip-flop hard macros, which are placed 
and routed individually by GateEnsemble™. There Is no fixed 
layout for the MCJREG4 as an entity. A functional diagram of 
the MCJREG4 Is shown in Section 4.3, Figure 4-2. 

The FMC_TAPC Is a firm macro; It is like a soft macro in 
that it is comprised of, and modeled as, individual gate and 
flip-flop hard macros. Unlike a soft macro, a firm macro such 
as the FMC_TAPC has been placed and routed as a single 
entity by Gate Ensemble. Consequently, both the internal 
metal Interconnect and timing of a firm macro are fixed and do 
not change when the chip is laid out. A functional diagram of 
the FMC_TAPC is shown in Figure B-4 in Appendix B, which 
discusses this macro in detail. 

2.3 Special Purpose Macros 

2.3.1 TAP macros: TCK, TMS, TRSTB, TDI, TOO 

andTDOA. 

TCK, TMS, TRSTB and TDI are simply input buffers with 
no BSC logic. Each must be used at the pin driven by the 
JTAG signal of the same name. 

A functional diagram of the TDO macro is shown In Figure 
2-1. The ‘IR’ port receives scan data from the TDO port of the 
Instruction Register. The ‘DR’ port receives scan data from 
whichever JTAG data register is activated by the current 
JTAG instruction. Therefore the multiplexer contained In the 
TDO macro selects either the Instruction Register or the cur¬ 
rently active JTAG data register to be shifted out through the 
TDO pin. 

The TDO macro Is used with the “small array” scheme for 
distribution of the JTAG control signals. (See Section 3.3.) 

The TDOA macro is functionally Identical to TDO. TDOA is 
used with the “large array” scheme for distribution of the 
JTAG control signals. (See Section 3.2.) 


ENSLIP DR TCKB TDO 



Figure 2-1 TDO Macro (TDO, TDOA) 


2.3.2 ENSCANI/J/P 

The ENSCAN BSC’s are used to drive the enable port of 3- 
state bidirectional and output BSC’s. The ENSCANI, EN- 
SCANJ, and ENSCANP are functionally identical. The differ¬ 
ences among the three are: 

ENSCANJ must reside on a non-power I/O site. 

ENSCANP must reside on a power I/O site. 

ENSCANI must reside in the array core. 

In the example of Figure 2-2 an ENSCANP supplies the 3- 
state enable to an output bus. The BSEN input Is driven from 
the core by the system 3-state enable signal, and the OEN 
output feeds into the core where it can be buffered If neces¬ 
sary before driving the EN Inputs of the 3-state output buffers. 
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Figure 2-2 ENSCANP Driving 3-State Enable of 8-bit Out¬ 
put Bus 

If an ENSCANI had been used instead, it would go at the 
end of the BSC scan chain closest to TDO as shown in Figure 
2-3. The BSC scan data path enters the core through a port 
on the TDO/A macro, passes through all ENSCANI’s, then 
gets multiplexed with the scan paths from all other JTAG data 
registers before passing to the DR port of the TDO macro on 
its way off chip. (Note that test data must shift counter¬ 
clockwise through the BSC’s around the periphery of the 
chip.) ENSCANI’s In the core receive CKDR, SHDR, UDDR 
directly from the FMC_TAPC, and OMC directly from the 
MC_IREG4 decode logic, before these signals enter the I/O 
area for distribution to the peripheral BSC’s. 

It is recommended that ENSCANI’s be used only if there 
are no power sites or unused I/O sites available on which to 
place ENSCANP’s or ENSCANJ’s, 
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2.3.3 TDBUF(P) 

If consecutive peripheral BSC’s are separated by more 
than seven I/O sites, a TDBUF or TDBUFP buffer macro must 
be inserted between them since a BSC’s TOO output has lim¬ 
ited drive strength. The TDBUF(P) must not be more than 
seven I/O sites away from the BSC driving it. 

2.3.4 I/O BSC Control Signal Buffers 

These are the buffers that distribute CKDR, SHDR, UDDR, 
IMC and OMC to the peripheral BSC’s. These buffers are de¬ 
scribed in detail in Section 3.0, “JTAG Clock & Control Signal 
Distribution.” 



Figure 2-3 Position of ENSCANI 3-State Enable Macros 
within I/O Boundary Scan Register 


3. JTAG Clock & Control Signal Distribution 
3.1 Overview 

On Motorola’s sub-micron H4C arrays the JTAG boundary 
scan cells are diffused into the periphery, or I/O area, of the 
chip. The advantages realized, as compared to implementing 
the BSC’s with core macros, are as follows: 

1. Area savings 

i) 100% utilization in the periphery versus 60-70% in 
the core (i. e., no unused gates in the periphery). 

ii) transistor sizes can be optimized to their small, non- 
varying loads 


iii) Interconnect between BSC’s is done by abutment, 
minimizing wire length. For these reasons, diffusing 
the BSC’s into the I/O area conserves a significant 
amount of chip area compared to implementing the 
BSC’s In the array core, even though the chip I/O 
area is -20% larger than it would be if It did not 
include built-in JTAG logic. 

2. There is less additional data path delay due to the mux 
In the input BSC’s since it has been optimized in terms 
of transistor size and minimum wire interconnect. 

3. There are no distribution “trees” for the BSC control sig¬ 
nals to Increase routing congestion In the core. 

4. RAM and MPU diffused blocks don’t Interfere with the 
peripheral distribution “rings” for these control signals, 
preventing Increased signal skew. 

5. Hold time violations cannot occur when shifting the 
boundary scan register since all BSC’s share a com¬ 
mon clock net. 

The five JTAG clock and control signals are CKDR, SHDR, 
UDDR, IMC and OMC. Two methods are provided for distrib¬ 
uting these signals to the boundary scan cells located In the 
periphery of H4C arrays. The “large or high speed array” 
scheme can be used to maximize performance on any array 
size, but it must be used on the larger arrays (H4C086 and 
above) to ensure that edge-rate limits are not violated on the 
peripheral clock and control lines, which have a large number 
of BSC loads. The “small or low speed array” scheme is more 
simply Implemented and can be used on smaller arrays which 
have no such edge-rate problem (H4C057 and below), when 
maximum performance Is not required. The “large or high 
speed array” scheme should enable the boundary scan cir¬ 
cuitry to operate at > 25Mhz. 

In Figures 3-1 to 3-6, a dotted line marks the boundary be¬ 
tween the core and periphery of the array. All of the special 
buffers for the JTAG clock and control signals reside in power 
sites or unused I/O sites in the periphery in order to: 

i) maximize the drive capability of these buffers by uti¬ 
lizing the large transistors that normally drive off- 
chip, and to 

ii) facilitate optimum buffer placement to achieve: 

a) minimum Insertion delay for each signal, 

b) minimum skew for each signal between a buffer's 
nearest and farthest BSC loads, and 

c) minimum SHDR-to-CKDR skew and CKDR-to- 
UDDR skew at any given BSC. 

Use of the “P" versions of these buffers allows them to be 
placed on power sites, which conserves I/O sites for other 
uses such as hl-drive outputs. 

For packages with highly Inductive leads HSPICE simula¬ 
tions have shown large voltage spikes on OUTVDD and OUT- 
VSS (the output driver power and ground buses) due to 
simultaneously switching outputs (SSO). These spikes can 
couple to the outputs of “quiet” (inactive) drivers. For this rea¬ 
son the JTAG buffers are powered from INPVDD/INPVSS 
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(the core power and ground buses), since they drive BSC's 
which are also powered from INPVDD/INPVSS. These buff¬ 
ers are also slew-rate controlled in order to inject as iittle 
switching noise as possible onto INPVDD and INPVSS. The 
JTAG buffers are all roughly equivalent to an ON4S4 output 
buffer. 

3.2 Large or High Speed Arrays 
3.2.1 CKDR Distribution 

Because the CKDR ring must encircle the entire chip, the 
resistance of the metal can be several hundred ohms. The 
same Is true of the control lines as well. As a result, one very 
large buffer cannot drive the ring without suffering severe per¬ 
formance loss in terms of long prop delays and edge-rates at 
the more distant BSC’s. A much better approach Is to use 
multiple, distributed buffers to drive the ring. As shown in Fig¬ 
ure 3-2, the TAP controller drives a CKDRMID buffer, which 
in turn drives one CKDRCC1 and one CKDRCC2 buffer via 
an “extra” ring. The CKDRCC1 and CKDRCC2 each drive 
roughly half of the JTAG I/O cells on the chip via the CKDR 
ring. Because these two buffers are placed diametrically op¬ 
posite to each other, only half of the extra ring is needed to 
distribute CKDR to them. By detaching the unneeded half of 
the extra ring, metal capacitance on this net is greatly re¬ 
duced and substantial speed Improvement Is realized. In ad¬ 
dition, the Gate Ensemble place and route software can 
correctly model metal Interconnect resistance and capaci¬ 
tance (RC's) on this net only if it is not a closed loop. (Gate 
Ensemble must see only one path from a net's driver to any 
given load on that net.) There is a physical cut In the extra ring 
within the CKDRCC1 and CKDRCC2 macros such that de¬ 
tachment of the unneeded half of the extra ring is accom¬ 
plished automatically when these macros are placed. 

There is a physical cut in the CKDR ring within the TDOA 
macro. However, closing the CKDR ring on the opposite side 
of the chip from TDOA is Important because it guarantees 
that, over any range of operating conditions, there will never 
be race conditlons/hold time violations during shifting of the I/ 
O boundary scan register. This is true due to the fact that all 
I/O BSC's share a common clock (CKDR) net. Nor is there a 
“bus contention” problem on the CKDR ring, due to the wide 
separation (roughly two sides of the chip) and minimal skew 
between the CKDRCC1 and CKDRCC2 buffers which drive 
this ring. However, Gate Ensemble cannot correctly model 
distributed RC's for nets driven by more than one source if 
these sources are active simultaneously. The solution Is to 
capture the schematic, or write the HDL circuit description, 
such that, as In Figure 3-1, CKDRCC1 drives all BSC's on 
CKDRNET1 and CKDRCC2 drives all BSC's on CKDRNET2, 
so that the CAD system actually sees a gap in the ring. The 
performance of the CKDR ring is identical with or without the 
gap under the following conditions (refer to Figure 3-1): 

i) branches (a) and (c) are perfectly balanced in terms 
of number of loads and length of metal interconnect 
II) branches (b) and (d) are perfectly balanced in terms 
of number of loads and length of metal interconnect 
ill) CKDRMID is perfectly centered between CKDRCC1 
and CKDRCC2. 



• Gap in netlist allows correct RC generation for nets CKDRNET1an( 
_ CKDRNET2, it each has close to the same number of loads. _ 

Figure 3-1 CKDR Distribution (Netiist interconnect for 
Large or Fast Arrays) 



Figure 3-2 CKDR Physicai Distribution (Physicai 
interconnect for Large/Fast Arrays) 


In reality, the ASIC designer will not be able to achieve this 
perfect balance. However, RC's for loads on the CKDR ring, 
which has no gap In silicon, can be calculated within 5% error 
by Gate Ensemble if: 

iv)the number of loads on branch (a) is within 15% of 
the number of loads on branch (c) 
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v) the number of loads on branch (b) Is within 15% of 
the number of loads on branch (d) 
vl)the number of I/O sites between CKDRMID and 
CKDRCC1 Is within 15% of the number of I/O sites 
between CKDRMID and CKDRCC2. 

ERG errors are generated If the above conditions are not 
met. In addition, ERG warnings are generated if the following 
two conditions are not met: 

vii) the number of loads on branch (a) is within 15% of 
the number of loads on branch (b) 

viii) the number of loads on branch (c) is within 15% of 
the number of loads on branch (d) 

Simulation accuracy does not suffer if (vll) and (vlii) are vi¬ 
olated, therefore the chip designer may choose to ignore 
these two ERG warnings. However best performance Is 
achieved by adhering to these two conditions. 

Note: Since the gap in Figure 3-1 is not a gap in silicon, 
it does not correspond to any particular I/O site and 
therefore its placement is not constrained by the avail¬ 
ability of an unused I/O site. The designer has complete 
freedom as to where this gap is “placed,” which is done 
by connecting some BSC’s to CKDRCC1 and the others 
to CKDRCC2 as in Figure 3-1. Consequently, the imbal¬ 
ance between the number of loads on CKDRNET1 and 
the number of loads on CKDRNET2 should never be 
greater than one (which would occur if there are an odd 
number of peripheral JTAG macros driven by CKDR). 

GKDR, SHDR, UDDR and OMG are routed within the core 
directly from the TAP Gontroller to ENSGANI bidirectional en¬ 
able BSG's, which reside In the core. 

3.2.2 SHDR, UDDR Distribution 

SHDR and UDDR use a distribution scheme which Is dif¬ 
ferent from the GKDR scheme, which was able to make use 
of the extra ring. SHDR will be used for illustration (see Figure 
3-3). 

The TAP controller drives two SHDR buffers, each of which 
drives roughly half of the JTAG I/O cells on the chip via the 
SHDR ring. Gap 1 and gap 2 are both actual physical cuts In 
the SHDR ring, unlike the gap in the CKDR ring. As a result 
the ASIC designer does not need to balance the number of 
BSC loads on nets 1 and 2 in order for Gate Ensemble to cor¬ 
rectly model the distributed RC's for these loads. Gap 11s de¬ 
signed into the TDOA macro. To create gap 2 the ASIC 
designer must place a special “ISO” macro on a power or I/O 
site near the point diametrically opposite from the TDOA mac¬ 
ro. This ISO macro cuts the SHDR and UDDR rings. A break 
In these lines does not cause timing problems as It would in 
the CKDR line, and it frees the designer from the need to bal¬ 
ance loads on these lines as he has to do on CKDR. Even so, 
ERC warnings are generated if the following two conditions 
are not met: 

i) the number of loads on branch (a) is within 15% of 
the number of loads on branch (b) 
il) the number of loads on branch (c) Is within 15% of 
the number of loads on branch (d) 


As stated above, simulation accuracy does not suffer if (I) 
and (ii) are violated, therefore the chip designer may choose 
to ignore these two ERC warnings. However best perfor¬ 
mance is achieved by adhering to these two conditions. The 
ERC warnings are simply to alert the designer that his buffer 
placement will not achieve minimum Insertion delay and max¬ 
imum shift speed. Note: The ISO macro has nothing to do 
with the CKDR gap in Figure 3-1. 



• Gaps exist in netlist and siiicon, so balancing not required for 
accurate simulation, but desirable for best performance. 

• Gap 1 created (in both control lines) by TDOA macro. 

• Gap 2 created (in both control lines) by placement of 
a special I/O site "ISO" (isolation) macro. 

Figure 3-3 SHDR, UDDR Distribution (Large/Fast Arrays) 

3.2.3 IMC, OMC Distribution 

The distribution scheme for IMC and OMC Is similar to the 
scheme for SHDR. The difference Is that the SHDR line is cut 
by the TDOA and ISO macros, whereas the IMC and OMC 
lines are cut by the CKDRCC1 and CKDRCC2 macros. The 
IMCDR and OMCDR buffers can now be placed In a different 
area from the SHDR and UDDR buffers (see Figures 3-3 and 
3-4), relieving buffer congestion so that as many JTAG buff¬ 
ers as possible can be placed on power sites, allowing more 
efficient use of the I/O sites. 
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3.3 Small or Low Speed Arrays 

3.3.1 CKDR Distribution 

As shown in Figure 3-5, the TAP controller drives one 
CKDR buffer, which drives the CKDR ports of all JTAG I/O 
cells on the chip via the CKDR ring. The CKDRCC1 and 
CKDRCC2 buffers, and therefore the extra ring, are not need¬ 
ed. Consequently there is no balancing of loads to be done, 
as for large or high speed arrays. There is a physical cut in the 
CKDR ring within the TDO macro so that Gate Ensemble can 
correctly model distributed RC's for BSC loads on this ring. 
The netlist interconnect matches the physical Interconnect, 
unlike the large/high speed array scheme. The TDO macro 
replaces the TDOA macro used In the large/high speed array 
scheme. 

3.3.2 SHDR, UDDR, IMC, OMC Distribution 

SHDR, UDDR, IMC and OMC all use the same distribution 
scheme, which is also the same as the CKDR scheme since 
the extra ring Is not being used. As shown in Figure 3-6, the 
TAP controller drives one SHDR buffer which drives the 
SHDR ports of all JTAG I/O cells on the chip via the SHDR 
ring. The ISO macro is not used so that gap 2 In the SHDR 
and UDDR lines (see Figure 3-3) does not exist. Likewise, 
gaps 1 and 2 in the IMC and OMC lines (see Figure 3-4) do 
not exist, since CKDRCC1 and CKDRCC2 are not used in the 
CKDR scheme. There is only one gap in each control line, 
and that gap occurs in the TDO macro. 



Figure 3-6 SHDR, UDDR, IMC, OMC (Small/Slow Arrays) 
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4. Mustang-Compatible JTAG 

4.1 Introduction 

On the Motorola H4C family of CMOS arrays, JTAG 
boundary scan circuitry has been designed to be compatible 
with Motorola’s Mustang ATPG product, which was designed 
to do automatic test pattern generation for conventional scan 
designs. However, as defined by the IEEE 1149.1 specifica¬ 
tion, JTAG boundary scan violates several conventional scan 
design rules. Section 4.0 and Appendix B describe how the 
JTAG boundary scan circuitry has been implemented on H4C 
arrays in order to allow it to be tested by Mustang. 

The user Is assumed to have a working knowledge of 
Mustang. For more information on Mustang itself refer to Tim 
Boland’s Application Note, number AN1096, entitled “Guide¬ 
lines for Using the Mustang ATPG System,” and to the Mus¬ 
tang User’s Guide portion of Motorola’s Open Architecture 
CAD System™ (OACS) documentation. 

4.2 Design Overview 

Motorola has designed scan-compatibility into the JTAG 
circuitry in two respects: 

1. Special Mustang modeling has been done for the 
boundary scan cell, which contains a non-scannable 
latch. 

2. The TAP Controller has been modified to include scan- 
nable flip-flops, and to satisfy some Mustang timing 
requirements. For detailed explanations of items 1 and 
2 see Appendix B. In addition, the user Is responsible 
for: 

• ensuring that no timing problems arise due to clock 
skews, and 

• interconnecting all JTAG circuitry such that Mustang 
compatibility is maintained. 

4.2.1 Handling of Clock Skew 

Motorola’s H4C arrays use the gated-clock JTAG imple¬ 
mentation shown in IEEE 1149.1. That is, the original clock 
TCK Is gated within the TAP Controller and the instruction de¬ 
coding logic to provide the CKIR, CKDR, UDIR and UDDR 
signals to the JTAG cells. This can cause skew problems in 
Mustang test mode, particularly due to the large clock delays 
to the boundary scan cells. Section 4.3 addresses the preven¬ 
tion of timing problems due to clock skew. 

4.2.2 JTAG Circuitry Interconnection 

An extra pin, called “MTST for “Mustang test mode” in this 
document, must be added to the chip to logically reconfigure 
the JTAG circuitry when Mustang testing is to be done. When 
this input Is active all circuit elements including the TAP Con¬ 
troller will become scan-compatible, the JTAG TMS pin will be 
used as the scan/shift enable control signal, and the scan 
chain connected between the TDI and TDO pins will contain 
all the flip-flops which are part of the JTAG circuitry. The 
JTAG logic must also be correctly controlled in Mustang scan 
mode to ensure that the scan paths are completed (requires 


that IMC and OMC both be low). Section 4.4 describes In de¬ 
tail how to properly hook-up all JTAG circuitry for Mustang 
compatibility. 

4.3 Handling of Clock Skew 

The JTAG design can suffer from clock skew problems 
during Mustang test mode because the gated clocks (CKIR, 
UDIR, CKDR’s for each data register) must be enabled at the 
same time. The problems occur when the clock arrives early 
to one flip-flop causing its output to change before the clock 
arrives at the next flip-flop. This can result in hold time viola¬ 
tions and/or the wrong data being loaded. 

The JTAG logic does not suffer from this problem during 
normal operation because some sections are clocked on the 
rising edge of TCK while others are clocked on the falling 
edge, such that input data to each JTAG register always 
changes on the Inactive edge of the clock to that register. For 
example, a new instruction becomes active when the shadow 
latches in the instruction register are “clocked” by UDIR, 
which occurs on the falling edge of TCK. The new Instruction 
drives decode logic which enables CKDR to the appropriate 
data register (e. g. the Identification Register, Bypass Regis¬ 
ter or peripheral boundary scan register). These CKDR en¬ 
able signals change on the falling edge of TCK In order to be 
stable during the rising edge of TCK/CKDR. Likewise the 
SHDR and TDI signals, which feed each data register, 
change on the falling edge of TCK In order to be stable during 
the rising edge of TCK/CKDR. Also, the flip-flop within the 
TDO macro is clocked on the falling edge of TCK because Its 
input data, which comes from either the “CKIR” flops in the In¬ 
struction Register or from one of the data registers, changes 
on the rising edge of TCK. 

As described above, during normal JTAG operation Input 
data to each JTAG register always changes on the inactive 
edge of the clock to that register, so that the data Is stable dur¬ 
ing clocking of the state elements. However, when operating 
in Mustang test mode all flip-flops must clock on the same 
edge of the clock signal. This can cause problems both during 
scan operation (the shift in and shift out of scan data) and also 
during the pulsing of the system or TCK clocks. (A Mustang 
scan test consists of three parts: shift in of scan stimulus, 
pulsing of zero or one of the clocks - referred to as “clock 
pulse mode,” and shift out of the chip’s response to the scan 
stimulus.) 

As described In Section 4.4, ail JTAG registers will be in¬ 
cluded in the same scan chain during Mustang testing. Each 
data register is clocked by its own gated version of CKDR, 
and the Instruction Register’s CKIR and UDIR flops are 
clocked by CKIR and UDIR respectively. Consequently, the 
JTAG scan chain is operated by several different clocks 
which have different insertion delays, creating the potential 
for skew problems during the scan operation. Skew problems 
during scanning can be controlled by putting registers whose 
clocks have longer insertion delays at the beginning of the 
scan chain. Since the I/O boundary scan register has the 
slowest clock distribution it should be the first part of the scan 
chain. Also, if timing analysis shows it to be necessary, delays 
can be added between flip-flops driven by different clocks. 
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In order to prevent skew problems when Mustang pulses 
the system or TCK clocks, the JTAG clock gating must be al¬ 
tered so that the clock pulse is applied either to the flip-flops 
that would normally change on the rising edge of TCK or to 
the flip-flops that would normally change on the falling edge 
of TCK. This is done by adding a flop to the TAP controller 
which controls the clock gating only during Mustang clock 
pulse mode. (This flop is labeled ‘TCK/TCKB Select Flop” In 
Figure B-4 of Appendix B.) Putting this flop inside the TAP 
Controller allows all of the JTAG logic within the TAP control¬ 
ler to remain in a single scan chain. 

As shown In Figure 4-1 the Instruction Register UDIR latch¬ 
es have been changed to flops, for the following reasons: 

1. to eliminate the undetectable stuck-at-one faults which 
are present on each latch gate input (for more details 
see Section B.1 of Appendix B), 

2. to enable separate clocking of the UDIR flop, which 
must change on the falling edge of TCK. The UDIR sig¬ 
nal can now be applied separately from the CKIR signal 
to remove the possibility of skew. 



Figure 4-1 Single-Bit Instruction Register Cell 
(MCJREG). 


The “MC_IREG4” four-bit Instruction Register macro Is 
shown in Figure 4-2. During scan mode CKIR and UDIR are 
active simultaneously, with CKIR leading UDIR by a few 
nanoseconds at the output of the TAP Controller. Conse¬ 
quently, to prevent hold-time violations during scan mode, the 
"UDIR flops" must precede the “CKIR flops” in the JTAG scan 
chain. For this purpose, SDI and SDO ports are provided on 
the MC_IREG and MC_IREG4 macros to serve as “Scan- 
Data-in” and “Scan-Data-Out” for the UDIR flops (see Figures 
4-1, 4-2 and 4-3). As shown in Figure 4-3, during Mustang 
scan mode (MSE high) scan data from the TAP Controller’s 
‘TDO” port enters the UDIR flops in the MC_IREG4 via the 
SDI port. After exiting at SDO, the scan data is fed back to the 
MC_IREG4 ‘TDI” port to pass through the CKIR flops. During 
normal JTAG operation (MSE low), JTAG test data from the 


TAP TDI pin Is passed to the CKIR flops in the MC_IREG4 as 
required. 

Extra delays are included in the scan paths within the 
MC_IREG4 because It is currently a soft macro. As such, the 
metal interconnect between Its four MC_IREG cells will differ 
somewhat from layout to layout, potentially causing a small 
amount of CKIR or UDIR skew between the four cells. The 
DLY8 macros within the MC_IREG4 add delay In the scan 
path to compensate for any such skew. 

Referring to the Mustang-compatible TAP Controller in Ap¬ 
pendix B, Figure B-4, note the Inclusion of the following cir¬ 
cuitry: 

1. A ‘TCK/TCKB Select Flop” to control the clock gating in 
Mustang clock pulse mode. 

2. An extra delay on TDO to prevent skew problems 
caused by the early clocking of the flip-flops in the TAP 
Controller. The TDO signal would normally be passed 
onto the Instruction Register as shown in Section 4.4. 
The Instruction Register clock CKIR will arrive later 
than the clock to the flip-flops In the TAP Controller 
because of the clock gating circuitry within the TAP 
Controller. 

3. A delay macro in the scan path between the top left flip- 
flop and the top right flip-flop because these flops have 
separate clocks which pass through different gating 
logic. A buffer was also added to the clock for the “TCK/ 
TCKB Select Flop” for similar reasons. 

Since the FMC_TAPC Mustang-compatible TAP Controller 
is a firm macro, its fixed layout guarantees no timing problems 
will ever arise Internal to the FMC_TAPC. 

It is very difficult to control clock skew between core/sys¬ 
tem flip-flops and the boundary scan cells because of the long 
insertion delay of clock CKDR in the periphery. In order to pre¬ 
vent skew problems from occurring between the JTAG logic 
and the system logic during Mustang test mode, either: 

I) the clock TCK should be different from the system 
clock, or 

li) circuitry similar to the “TCIOTCKB Select Flop” and 
“Clock Select” gates In the TAP Controller should be 
implemented to prevent Mustang from pulsing both 
TCK and the system clock in the same clock cycle. 

It is Important that timing analysis be done to verify that no 
setup or hold time violations occur due to the aforementioned 
sources of clock skew. Veritime is able to take into account 
the effects of variations In process/voltage/temperature 
across a chip. 
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Figure 4-2 MC_IREG4 Functional Diagram 
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4.4 JTAG Circuitry Interconnection 

First a non-scan, JTAG design will be discussed to show 
the essential circuitry required to implement JTAG on H4C ar¬ 
rays. Afterwards, the requirements for a Mustang/scan-com- 
patibie JTAG design will be discussed and illustrated. 

4.4.1 Non-Scan JTAG Interconnection 

If the system logic is not a scan design. Mustang cannot be 
used for ATPG. An example of a non-scan, JTAG design is 
shown in Figure 4-4. Note that: 

• the MTST pin is not required 

• the MSE and TOO TAP Controller outputs are not 
used 

• the TAP Controller MTST input and Instruction Regis¬ 
ter MSE input should be tied low 

Except for the three flip-flops labeled “System Logic,” all of 
the circuitry in Figure 4-4 is part of the JTAG logic. The BSC’s 
and peripheral JTAG buffers are located around the periphery 
of the schematic. Note that test data must shift counter¬ 
clockwise through the BSC’s around the periphery of the 
chip. 

On H4C arrays, JTAG boundary scan uses a gated CKDR 
signal as described In the IEEE 1149.1 specification. That is, 
CKDR is gated to the appropriate data register (peripheral 
boundary scan register, Bypass Register, Device Identifica¬ 
tion Register, etc.) under control of the Instruction Register 
decode logic. For example, if the Instruction Register holds 
the Sample, INTEST or EXTEST instruction, then CKDR and 
UDDR will be gated to the peripheral boundary scan register. 
In addition, the Instruction Register decode logic must gener¬ 
ate the Input Mode Control (IMC) and Output Mode Control 
(OMC) signals. IMC and OMC control the select lines of the 
data path multiplexers within the input and output BSC’s, re¬ 
spectively. Since users may define their own JTAG instruction 
sets, the Instruction Register decode logic is design specific; 
therefore it is not implemented as a special macro in the H4C 
library. However, in this example a DECS macro from the 
H4C library is sufficient to implement the Instruction Register 
decoder. 

Because instruction decoding Is done by combinatorial log¬ 
ic, the decoded control signals may glitch temporarily when 
UDIR activates a new instruction. Such glitches are harmless 
on some control signals, but not on others. Control signals 
which cannot afford to be glitched should be decoded from 
the instruction register CKIR flops instead of the UDIR flops. 
The decoded signals then drive flops which are clocked by 
UDIR. In Figure 4-4 the “Glitch-Free IMC/OMC Decode” block 
uses this method to decode the IMC/OMC, Hl-Z and UDEF1 
signals. The IREG3 Is a 3-bit instruction register built from 
three 1-bit MCJREG cells in order to bring out the CKIR flop 
outputs at the TDOO, TD01 and TD02 ports (see Figure 4-5). 
These signals are used to decode the IMC/OMC, Hl-Z and 
UDEF1 signals as shown In Figure 4-6. Alternatively, all in¬ 
struction decoding could be performed on the instruction reg¬ 
ister CKIR flops, with each decoded signal driving its own 
“UDIR” flop. 

Note that even though IMC and OMC are Independent 
lines in the chip periphery, driven by separate IMCDR and 


OMCDR drivers, both IMC and OMC are functionally equiva¬ 
lent to the “Mode” control signal defined In IEEE 1149.1. 
Therefore they would normally have a common source in the 
array core. In Figure 4-4 this common source is labeled “IMC/ 
OMC.” 

The ENSCANP and ENSCANJ macros have been 
hooked-up such that they can be reset either by resetting the 
TAP Controller or by loading a “HLZ’ instruction, which puts 
all 3-state outputs in the hi-impedance state. 



Figure 4-5IREG3 3-Bit instruction Register 



Figure 4-6 Glitch-Free IMC/OMC Decode Block 
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4.4.2 Mustang-Compatible JTAG Interconnection 

In order to make a JTAG design Mustang-compatible the 
FMC_TAPC TAP Controller of Figure B-4 must be used, as 
well as an Instruction Register like the one in Figure 4-2. The 
designer must also add extra circuitry to link up all of the 
JTAG registers into one scan chain during Mustang test 
mode. The requirements, which are illustrated In Figure 4-7, 
are as follows: 

1. An extra MTST input pin, which will only be active 
during Mustang testing, must be added to the 
design. A pull-up/pull-down resistor may be used 
to hold this pin inactive during normal operation. 
Note: the input macro driven by MTST must be 
either a non-JTAG macro or a “sample-only” 
macro such as an ICNCKHJ. 

2. The Mustang test mode Input pin must be con¬ 
nected to the MTST input of the TAP Controller 
and to OR gates which perform clock gating for 
JTAG data registers. This will cause all of the 
JTAG scan chains (I. e. the TAP Controller, 
Instruction Register, and data registers) to be 
clocked together in Mustang test mode, during 
which they are part of one scan chain between 
TDI and TOO. 

3. The Mustang scan path through the JTAG logic 
must be connected starting with the boundary 
scan chain, then any Internal data registers (e.g. 
Bypass register and ID code register), then the 
TAP Controller and finally the Instruction Register. 
This reduces the probability of clock skew prob¬ 
lems occurring. 

4. Two-Input multiplexers must be placed on the 
connections between the TDI pin and each Inter¬ 
nal/core JTAG scan chain to enable all JTAG scan 
chains to be connected up as one long chain dur¬ 
ing Mustang test mode. The output of each multi¬ 
plexer will feed the Input to a JTAG scan chain. 
The select input on the multiplexer must be con¬ 
nected to the TAP Controller’s Mustang Scan 
Enable (MSE) output (MSE is TMS logically 
AND’ed with MTST). The TDI signal should be 
connected to the A Input of the multiplexers. The 
B Input of the multiplexers should be connected to 
the end of the previous JTAG scan chain, where 
the order is that defined in Item 3 above. 

5. In order to use JTAG Input and output BSC’s as 
the input to or output from a scan chain they must 
be forced into transparent mode. If the output has 
an enable line then this too must be activated dur¬ 
ing scan. This Is done by adding gating logic to 
the IMC and CMC control lines to force them low 
during scan mode. 

6. If the TCK and system clocks are derived from 
the same source then they must be clocked on 
the same edge of the source clock. This may 
require placing an exclusive-or gate on the TCK 
input to the TAP Controller, as well as adding 


clock gating circuitry similar to that built into the 
TAP Controller, which is described in Appendix B. 
This circuitry would serve to prevent race condi¬ 
tions between the BSC’s and the system/core 
logic. 

7. Mustang requires all asynchronous control lines 
to be controlled only by an external Input. An 
asynchronous reset line which enters the chip 
through a normal input BSC can be controlled by 
the jlatch (see Appendix B) within that BSC. 
Therefore the reset line must be gated with MTST 
in the array core so that the reset will be disabled 
during Mustang testing. Alternatively, the asyn¬ 
chronous reset can enter the chip through a “sam¬ 
ple-only” cell. In this case gating the reset signal 
with MTST is not required, however the reset is 
no longer controllable from the JTAG BSC ring. 

4.5 Mustang-Compatible JTAG Example Circuit 

In Figure 4-7 the non-scan JTAG design In Figure 4-4 has 
been modified, according to the requirements of Section 4.4- 
2, to create a Mustang-compatible JTAG design. The system 
logic in this example consists solely of the “System Scan 
Reg,” which Is a conventional scan design consisting of one 
scan chain starting at the INO Input and exiting at the OUTO 
output. The remaining circuitry Implements JTAG boundary 
scan which, during Mustang testing, is configured as one 
scan chain which enters the chip at pin TDI and exits at pin 
TDO, as described In Section 4.4-2. (Larger designs typically 
have multiple scan chains for the system logic because of the 
long time taken to load/scan them.) As in Figure 4-4, the 
BSC'S and peripheral JTAG buffers are located around the 
periphery of the schematic. Note that test data must shift 
counterclockwise through the BSC’s around the periph¬ 
ery of the chip. The “Glitch-Free IMC/OMC Decode” block 
functions as described In Section 4.4-1, except that the flops 
inside it are now scan flops. 

Mustang test mode is established by forcing the MTST pin 
high. During Mustang test mode the TMS pin controls scan 
mode (MTST and TMS high), during which bidirectional pins 
must be disabled. Using TRSTB, instead of TMS, to disable 
the bidirectlonals during scan mode Improves the fault cover¬ 
age of the bidirectlonals. During scan mode all JTAG regis¬ 
ters are configured into one scan chain via 2-input 
multiplexers at the TDI inputs of the Device identification Reg¬ 
ister, Bypass Register, TAP Controller, and Instruction Regis¬ 
ter. Within the Instruction Register, UDIR flops as well as 
CKIR flops become part of this same chain as described pre¬ 
viously in Section 4-3. The scan chain order Is as follows: 

TDI, BSC’s, IDREG, BPREG, FMC.TAPC, MC_IREG4, 
TDO. Also, during Mustang scan mode IMC and OMC are 
forced low so that I/O BSC’s will pass scan data into and out 
of the chip. 

The Mustang control file used is as follows: 

SCAN_OUTPUTTDO 

SCAN.OUTPUTOUTO 

SCAN.MODE TMS 1 
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SCAN.CLOCK TCK 1 1 
SCAN_CLOCK SCLK12 
SYSTEM.CLOCKTCK 1 1 
SYSTEM_CLOCK SCLK 1 2 
ASSERT MTST 1 
BIDlRECT_CONTROL TRSTB 1 
SCAN_MODE TRSTB 1 

The fault coverage obtained for this example circuit was 
>95%. This fault coverage is essentially that of the JTAG cir¬ 
cuitry alone since the system logic in this example consists 
solely of one 3-stage shift register. The fault coverage for a 
real-world chip design would be much higher, since the vast 
majority of the circuitry would be scannable system logic with 
close to 100% fault coverage. 

The implementation of the “System Scan Reg” shown in 
Figure 4-7 is just an example of what could be done. When a 
user-defined JTAG instruction (code = binary 101) is active, 
the “El” input to the System Scan Reg becomes the IDLE out¬ 
put from the Tap Controller so as to allow the System Scan 
Reg to be clocked while in the “Run-Test/ldle” state. When 
the user-defined test is completed the contents of the System 
Scan Reg can be shifted out through TDO under control of 
SHDR from the TAP Controller, just like any other JTAG test 
data register such as the Bypass register or peripheral bound¬ 
ary scan register. If the user has no interest in doing such a 
test, El could be tied high (always enabled) and SE could be 
wired directly to MSE, for example. 



Figure 4-8 Glitch-Free IMC/OMC Decode Block 


4.6 Conclusions 

The methodology presented here allows Mustang to be 
used with JTAG by modifying the designs of the TAP Control¬ 
ler and the Instruction Register. The results show that it is 
possible to achieve high fault coverage using fully automated 
test pattern generation with Mustang. However, Mustang can¬ 
not test the gate (G) input to the BSC shadow latches. Nor 
can Mustang test all of the JTAG Instruction Register decod¬ 
ing logic. Testing of these areas should be achieved by sup¬ 
plementing the Mustang test patterns with some manually 
written vectors which test the JTAG circuitry in its normal 
functional mode of operation. Merging of these functional vec¬ 
tors with the Mustang vectors Is accomplished by TESTPAS, 
which is one of the OACS CAD tools. 

5. JTAG I/O Macro Placement and Pin-out 
Assignment 

5.1 Pin & I/O Site Placement of JTAG I/O Macros 

5.1.1 Placement of Test Access Port (TAP) Pins 

For each array size there are 32 fixed pad pairs which can 
Interface to 64 high-speed scan channels on the Typhoon 
tester. These pad pairs are marked with asterisks on each 
Pad-to-PIn cross reference table in the H4C Design Refer¬ 
ence Guide. Test Access Port (TAP) pins TMS, TCK, TDI and 
TDO each must be assigned to a pin which is bonded to one 
of these pads. It Is recommended that TMS be adjacent to 
TCK, and that TDI be adjacent to TDO. TDI must be counter¬ 
clockwise from TDO, and no BSC’s should be placed be¬ 
tween TDI and TDO (clockwise from TDI) because these 
BSC’s would not be contained in the I/O boundary scan data 
register. 

5.1.2 Placement of Non-bonded JTAG Macros 

“Non-bonded” macros reside In I/O or power sites but have 
no off-chip connections. These macros include TDBUF/P, 
ENSCANJ/P, ISO/P, and the special buffers for CKDR, 
SHDR, UDDR, IMC and OMC: 

CKDRMID, CKDRMIDP (large or high speed arrays only) 
CKDRCC1, CKDRCC1P (large or high speed arrays only) 
CKDRCC2, CKDRCC2P (large or high speed arrays only) 
CKDR, CKDRP (small or low speed arrays only) 

SHDR, SHDRP 
UDDR, UDDRP 
IMCDR, IMCDRP 
OMCDR, OMCDRP 
ISO, ISOP 

Referring to the “H4C123 160 QFP PAD-to-PIn Cross Ref¬ 
erence” in the H4C Series Design Reference Guide, each 
non-bonded macro must reside on a specific power or I/O site 
which: 

• does not connect to a pad (e. g., I/O sites 58 & 59), or 

• connects to a pad which Is not bonded out to a pack¬ 
age pin (e. g., I/O sites 47 and 48), or 

• connects to a power/ground pad (e. g., I/O sites 50 
and 51); the “P” version of the macro is used at 
power/ground sites. 
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In addition, the JTAG buffers must reside within 25 sites of 
the nearest INPVSS and INPVDD (or BOTHVSS and BOTH- 
VDD). The Pin-to-Pad Cross Reference for the pertinent array 
and package is used to select a site for each non-bonded 
macro. 

5.1.3 Placement of JTAG I/O Macros within 
Schematic Capture 

The user must assign a package pin number to the 
“IO_PIN1” property on each I/O macro, including input, output 
and bidirectional BSC’s and the TAP macros. In addition, a 
FIX property whose Initial value is “lOXX” is already attached 
to each non-bonded JTAG macro, which the user places by 
substituting the I/O site # for the “XX” portion of the FIX value. 
In Figure 4-7 the JTAG buffers have been placed according 
to the “large or fast array” scheme (see Section 3.2), using the 
“Pad to Pin” for an H4C123 array in a 160QFP package. Note 
the inclusion of TDBUFs to buffer BSC TOO output ports 
where the following BSC is >=7 I/O sites away. In determining 
the pin-out and I/O site placement, follow the guidelines in 
Section 5.2. 

5.1.4 Placement of JTAG I/O Macros within 
Synopsys/Veriiog HDL Flow 

For Verilog HDL design entry followed by Synopsys logic 
synthesis, the designer creates a Verilog netllst for the JTAG 
I/O and the non-bonded macros. The designer also creates 
the EDIFMERGE “Attribute” file, which contains I/O site 
placement information In the form of FIX properties for all of 
the peripheral JTAG macros. The Verilog netlists for the 
JTAG I/O, the core JTAG logic, and the system logic are com¬ 
bined into one EDIF netlist using Synopsys. This “Synopsys 
EDIF” netlist, along with the Attribute file, are subsequently in¬ 
put to EDIFMERGE to create the “Motorola EDIF” netlist re¬ 
quired by the OACS tools. (EDIFMERGE creates a Motorola 
EDIF netlist from the Synopsys EDIF netlist by adding prop¬ 
erties which are specific to Motorola’s H4C technology. For 
more Information on EDIFMERGE see the Synopsys/ED- 
IFMERGE Application Note for OACS.) 

Had Verilog HDL been used Instead of schematic capture 
to enter the circuit in Figure 4-7, the JTAG portion of the At¬ 
tribute file would appear as shown in Fig. C-1 (Appendix C). 

5.2 Guidelines for Finding an ERC-Compatible 
Chip Pin-out 

In both procedures that follow, the JTAG clock and control 
signal buffers should be placed on power sites to the extent 
possible. 

5.2.1 Full Boundary Scan Pin-Out Guidelines 

In selecting the pin-out for a chip which uses full boundary 
scan (the vast majority of system signal pins use BSC’s), It Is 
recommended that the following steps be done in sequence: 

1. Place TDI and TDOA on a pair of adjacent high¬ 
speed scan tester pins. TDI must be counter¬ 
clockwise from TDO. In the same general area as 
TDI and TDOA, place TCK and TMS on high¬ 


speed tester pins and TRSTB on a normal pin. 

2. Place remaining system pins, and any additional 
power/ground pins required, in conformance with 
the ERC rules governing the placement of output 
drivers relative to power pin locations. Also keep 
in mind the rules governing sharing of a single I/O 
site by two different macros. 

3. Place ENSCANJ/P 3-state control BSC’s on avail¬ 
able I/O or power sites. 

4. Between every pair of BSC’s separated by >7 
non-BSC I/O sites, a TDBUF/P must be inserted 
on an I/O site within 7 sites of the BSC whose 
TDO port drives the other’s TDI port. (TDBUF/P is 
built from the input buffer portion of an I/O site, 
and can therefore share an I/O site with a non- 
JTAG output driver or with a “paralleled” output 
driver used to build a hi-drive.) 

5. Place the CKDRCC1/P and CKDRCC2/P buffers 
such that, in Figure 3-1, nets CKDRNET1 and 
CKDRNET2 are balanced as described In Section 
3.1. 

6. Place the CKDRMID/P buffer equidistant between 
CKDRCC1/P and CKDRCC2/P as shown in Fig¬ 
ure 3-1. 

7. Place the ISO/P macro diametrically opposite 
from TDOA (approximately), as In Figure 3-3. 

8. Place the SHDR/P buffers approximately in the 
center of nets 1 and 2 as shown in Figure 3-3. Do 
the same for the UDDR/P buffers. 

9. Place the IMCDR/P buffers approximately half¬ 
way between the CKDRCC1/P and CKDRCC2/P 
buffers, which create gap 1 and gap 2 in Figure 3- 
4. Do the same for the OMCDR/P buffers. 

5.2.2 Partial Boundary Scan Pin-Out Guidelines 

“Partial boundary scan” refers to a chip on which many sys¬ 
tem signal pins use non-JTAG I/O macros. In selecting the 
pin-out for such a chip. It is recommended that the following 
steps be done in sequence: 

1. Place system pins (i. e., all pins except TDI, 
TDOA, TMS, TCK, and TRSTB), and any addi¬ 
tional power/ground pins required, in conform¬ 
ance with the ERC rules governing the placement 
of output drivers relative to power pin locations. 
Also keep in mind the rules governing sharing of a 
single I/O site by two different macros. 

2. Place ENSCANJ/P 3-state control BSC’s on avail¬ 
able I/O or power sites. 

3. Choose a pair of adjacent high-speed scan tester 
pins for TDI and TDOA (with TDI counterclock¬ 
wise from TDO) such that a line drawn from 
TDOA through the center of the chip creates two 
halves which each contain an equal number of 
BSC’s, and to the extent possible, an equal num¬ 
ber of non-JTAG pins. In the same general area 
as TDI and TDOA, place TCK and TMS on high¬ 
speed tester pins and TRSTB on any pin. 
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4. Between every pair of BSC’s separated by >7 
non-BSC I/O sites, a TDBUF/P must be inserted 
on an I/O site within 7 sites of the BSC whose 
TOO port drives the other’s TDI port. (TDBUF/P is 
built from the input buffer portion of an I/O site, 
and can therefore share an I/O site with a non- 
JTAG output driver or with a “paralleled” output 
driver used to build a hi-drive.) 

5. Place the CKDRCC1/P and CKDRCC2/P buffers 
such that between each buffer and TDOA there is 
an equal number of BSC’s, and to the extent pos¬ 
sible, an equal number of non-JTAG pins. Refer to 
Figure 3-1. 

6. Place the CKDRMID/P buffer equidistant between 
CKDRCC1/P and CKDRCC2/P (typically near 
TDOA). Refer to Figure 3-1. 

7. Place the ISO/P macro diametrically opposite 
from TDOA (approximately), as in Figure 3-3. 

8. Place the SHDR/P buffers approximately halfway 
between the TDOA and ISO/P, in terms of BSC’s 
(see Figure 3-3). Do the same for the UDDR/P 
buffers. 

9. Place the IMCDR/P buffers approximately half¬ 
way between the CKDRCC1/P and CKDRCC2/P 
buffers, in terms of BSC’s (see Figure 3-4). Do the 
same for the OMCDR/P buffers. 

6. CAD Design Flows 

For Mentor QSIM simulation on the HP/Apollo platform, 
entry of an H4C design would likely be done via schematic 
capture. The corresponding “Schematic Capture/QSIM De¬ 
sign Flow” in Section 6.1 follows a “bottom-up” design meth¬ 
odology. 

For Verilog simulation on either the Sun or HP/Apollo plat¬ 
form, design entry can be done by either schematic capture 
or, for Synopsys users, by writing a Verilog HDL circuit de¬ 
scription. The “Schematic Capture/Verilog Design Flow” in 
Section 6.2 and the “Synopsys/Verllog Design Flow” In Sec¬ 
tion 6.3 both follow a “top-down” design methodology where 
the chip is initially described behaviorally using Verilog HDL. 
In Section 6.2 the HDL is manually converted into gates using 
schematic capture, whereas in Section 6.3 the HDL is synthe¬ 
sized into gates using Synopsys. 

For real world schematic capture designs, it may be more 
practical to capture the BSC’s in rows rather than trying to 
capture the I/O in the shape of a chip footprint as in Figure 4- 

7. 

During pre-layout simulations, estimated parasitic resis¬ 
tance and capacitance values are used for the metal intercon¬ 
nect between peripheral JTAG macros, as Is done for 
interconnect between core macros. As a result, it is possi¬ 
ble to get pre-layout DECAL edge-rate warnings or errors 
for nets in the periphery. These warnings and errors are 
invalid, since the peripheral nets have been shown by 
SPICE to have no edge-rate problems. After layout the ac¬ 
tual resistance and capacitance values are used, at which 
time no edge-rate errors should occur on peripheral nets. 


6.1 Schematic Capture/QSIM Design Flow 

I. Determine Chip Pin-Out and Capture JTAG i/0 

1. Use CAPTURE to capture a schematic of the 
JTAG I/O, following the “Guidelines for Finding an 
ERC-Compatible Chip Pin-Out” in Section 5.2. 

2. Verify JTAG I/O conform to electrical design rules: 

a. Run FLATTEN to generate a QSIM database. 

b. Run NETLIST to generate an EDIF netlist 
(used by ERC). 

c. Run ERC for peripheral rule checks. Repeat 
steps 1 and 2 until ERC passes. 

ii. Design Chip’s System (Non-JTAG) Logic 

A. Design Individual Sub-Blocks 

3. Use CAPTURE to capture a schematic for one 
system sub-block “Y”. 

4. Run FLATTEN to generate a QSIM database for 
Y. 

5. (Optional) Verify Y via unit-delay QSIM simulation. 
Repeat steps 3-5 until Y’s functionality is correct. 

6. Run NETLIST to create the required Motorola 
netlists: 

a. an EDIF netlist (used by ERC and DECAL) 

b. a TEGAS/TDL netlist (used by MUSTANG) if 
the chip is a scan design. 

7. Run ERC to verify Y conforms to electrical design 
rules. If violations occur return to step 3 to correct 
the schematic. 

8. If the chip is a scan design, run the MUSTANG 
design rule checker to verify Y conforms to scan 
design rules. (Also generate test patterns if Y’s 
fault coverage Is desired.) If violations occur 
return to step 3 to correct the schematic. 

9. Verify Y via real-time simulation: 

a. Run DECAL to calculate real-time delays. If 
edge-rate violations occur, return to step 3 to 
correct the schematic. 

b. Run INSERT_DELAYS to insert real-time 
delays into the QSIM database. 

c. Run QSIM. If Y’s functionality or timing is incor¬ 
rect, return to step 3 to correct the schematic. 

10. Repeat steps 3-9 for each system sub-block on 
the chip. 

B. Combine All of Chip’s System Sub-Blocks 

11 .Use CAPTURE to combine the sub-blocks for all 
system logic on the chip. 

12. Run FLATTEN to generate a QSIM database. 

13. Run NETLIST to create an EDIF netlist. Also cre¬ 
ate a TEGAS/TDL netlist If the chip is a scan 
design. 

14. Run ERC and, if the chip is a scan design, run 
MUSTANG; then run DECAL and 
INSERT_DELAYS followed by QSIM real-time 
simulation. 
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If violations occur in any of these tools, make schematic 
corrections for all erroneous sub-blocks. Re-verify each cor¬ 
rected sub-block individually to the extent desired in section 
11, part A, then return to step 11. 

III. Combine JTAG Circuitry with Chip's System Logic 
15.Use CAPTURE to capture a schematic of the 
core JTAG logic (including the TAP Controller 
etc.). 

Verify All JTAG Circuitry by Itself (Optional) 

16.In CAPTURE, combine the core JTAG logic with 
the JTAG I/O from step 1. 

17. Run FLATTEN to generate a QSIM database. 

18. Do unit-delay QSIM simulation, if desired, if step 
18 is done, repeat steps 16-18 until functionality is 
correct. 

19. Run NETLIST to create an EDIF netlist. Also cre¬ 
ate a TEGAS/TDL netlist if the chip is a scan 
design. 

20. Run ERC and. If the chip is a scan design, run 
the MUSTANG design rule checker; then run 
DECAL and INSERT_DELAYS followed by QSIM 
real-time simulation. If violations occur in any of 
these tools, return to step 16 to correct the sche¬ 
matic. 

Verify Combined System and JTAG Circuitry 

21 .Use CAPTURE to combine the core JTAG logic, 
JTAG I/O, and system logic. 

22. Create required netlists for the entire chip: 

a. Run FLATTEN to generate a QSIM database. 

b. Run NETLIST to create the following: 

i) an EDIF netlist (used by ERC and DECAL) 
li) a TEGAS/TDL netlist (used by MUSTANG) if 
the chip is a scan design, 
iii) an “ActuaI.RC” file (used by DECAL) for 
each firm macro, such as the FMC_TAPC 

23. Run ERC to verify the entire chip conforms to 
electrical design rules. 

24.if the chip is a scan design, run the MUSTANG 
design rule checker to verify the entire chip con¬ 
forms to scan design rules. 

25.Verify entire chip via real-time simulation: 

a. Run DECAL to calculate real-time delays. 

b. Run INSERT_DELAYS to insert real-time 
delays into the QSIM database. 

c. Run QSIM. 

If errors occur in any of steps 23-25, return to step 15 to fix 
the core JTAG logic, or return to step 3 to fix any erroneous 
system sub-blocks. Re-verify each corrected sub-block indi¬ 
vidually to the extent desired in section II, part A, then contin¬ 
ue at step 11,15 or 21 as desired. 

26.lf the chip is a scan design, run MUSTANG to 
generate scan test patterns. 

27.Run TESTPAS to combine the functional and 
scan test patterns from steps 25 and 26, respec¬ 
tively. 


6.2 Schematic Capture/Verilog Design Flow 

Verltime timing analysis is recommended as a complement 
to real-time simulations (those using DECAL delays instead 
of unit-delays). 

I. Behavioral-Level Design 

1. As part of the behavioral verification of the entire 
system, create and verify a Verllog HDL behav¬ 
ioral description for all system logic on the H4C 
chip. 

II. Determine Chip PIn-Out and Capture JTAG I/O 

2. Use ASIC_GED to capture a schematic of the 
JTAG l/Q, following the “Guidelines for Finding an 
ERC-CompatIble Chip Pin-Qut” In Section 5.2. 

3. Verify JTAG l/Q conform to electrical design rules: 

a. Run NETLIST to generate an EDIF netlist 
(used by ERC). 

b. Run ERC for peripheral rule checks. Repeat 
steps 2 and 3 until ERC passes. 

III. Design Chip’s System (Non-JTAG) Logic 

A. Convert Behavioral Description to an RTL (Reg¬ 
ister-Transfer Level) Description 

4. For one chip sub-block “X,” convert the behavioral 
description to an RTL description. If X Is to be 
converted into gates by logic synthesis as 
opposed to schematic capture, then the RTL 
description must use only those Verilog con¬ 
structs supported by Synopsys. 

5. Simulate X’s RTL description, by itself. Modify and 
re-simulate X’s RTL description until its functional¬ 
ity matches X’s behavioral description. 

6. Repeat step Ts simulation of the chip behavioral 
description, but use the RTL description for X in 
place of X’s behavioral description. Modify X’s 
RTL description as necessary until chip function¬ 
ality matches that of the all-behavioral chip 
description In step 1. Repeat steps 4-6 for each of 
the chip’s sub-blocks. 

7. Simulate all system logic on the chip at the RTL 
level. Modify the sub-blocks’ RTL descriptions as 
necessary until chip functionality matches that of 
the all-behavioral chip description In step 1. 

B. Convert Sub-Block RTL Descriptions to Gate- 

Level Netlists 

8. Use ASIC_GED to capture a schematic for one 
system sub-block “X”. 

9. Run NETLIST to create the required netlists for X: 

a. an EDIF netlist (used by ERC and DECAL) and 
a Verilog netlist 

b. a TEGAS/TDL netlist (used by MUSTANG) if 
the chip is a scan design. 

10. (Dptional) Do unit-delay simulation of X’s gate- 
level netlist by itself, using the same vectors used 
to verify X’s RTL description in step 5. If X’s func¬ 
tionality Is Incorrect return to step 8 to correct the 
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schematic, or correct X’s RTL description and 
return to step 5,6 or 7 to verify the correction. 

11 .(Optional) Repeat step 7’s simulation of the chip 
RTL description, but use the gate-level netlist for 
sub-block X in place of X’s RTL description. Han¬ 
dle bugs as prescribed in step 10. 

12.Run ERG to verify X conforms to electrical design 
rules. If violations occur return to step 8 to correct 
the schematic. 

13.lf the chip is a scan design, run the MUSTANG 
design rule checker to verify X conforms to scan 
design rules. (Also generate test patterns if Y’s 
fault coverage is desired.) if violations occur 
return to step 8 to correct the schematic. 

14. Verify X via real-time simulation and timing analy¬ 
sis: 

a. Run DECAL to calculate real-time delays. If 
edge-rate violations occur, return to step 8 to 
correct the schematic. 

b. Repeat step 10, using DECAL delays instead 
of unit delays. 

c. Repeat step 11, using DECAL delays instead 
of unit delays. 

15. Repeat steps 8-14 for each system sub-block on 
the chip. 

C. Combine Netlists for All of Chip’s System Sub- 

Blocks 

le.Use ASIC_GED to combine the sub-blocks for all 
system logic on the chip. 

17. Run NETLIST to create Verilog and EDIF netlists. 
Also create a TEGAS/TDL netlist if the chip is a 
scan design. 

18. Run ERC and, if the chip is a scan design, run 
MUSTANG. Run DECAL; then simulate the gate- 
level netlist for the chip’s system logic using the 
same vectors which were used in step 7 to verify 
the RTL description of the chip’s system logic. If 
violations occur in any of these tools, do one of 
the following for each erroneous sub-block: 

i) return to step 8 to correct the sub-block’s 
schematic, or 

ii) correct the sub-block’s RTL description and 
return to step 5, 6 or 7 to verify the correc¬ 
tion. 

iii) Re-verify each corrected sub-block individu¬ 
ally to the extent desired in section III, part 
B, then return to step 16. 


IV. Combine JTAG Circuitry with Chip’s System Logic 

19.Use ASIC_GED to capture a schematic of the 
core JTAG logic (including the TAP Controller 
etc.). 

Verify All JTAG Circuitry bv Itself (Optionah 

20.ln ASIC_GED, combine the core JTAG logic with 
the JTAG I/O from step 2. 

21 .Run NETLIST to create EDIF and Verilog netlists. 
Also create a TEGAS/TDL netlist if the chip is a 
scan design. 

22. Run ERC and, if the chip is a scan design, run 
the MUSTANG design rule checker; then run 
DECAL followed by Verilog real-time simulation. If 
violations occur in any of these tools, return to 
step 20 to correct the schematic. 

Verify Combined System and JTAG Circuitry 

23. Use ASIC_GED to combine the core JTAG logic, 
JTAG I/O, and system logic. 

24. Run NETLIST for the entire chip to create the fol¬ 
lowing: 

a. an EDIF netlist (used by ERC and DECAL) and 
a Verilog netlist 

b. an “ActuaI.RC” file (used by DECAL) for each 
firm macro, such as the FMC_TAPC 

c. a TEGAS/TDL netlist (used by MUSTANG) if 
the chip is a scan design. 

25. Run ERC to verify entire chip conforms to electri¬ 
cal design rules. 

26.lf the chip is a scan design, run the MUSTANG 
design rule checker to verify entire chip conforms 
to scan design rules. 

27.Verlfy entire chip via real-time simulation and tim¬ 
ing analysis: 

a. Run DECAL to calculate real-time delays. 

b. Simulate the gate-level netlist for the entire 
chip using the same vectors which were used 
in step 7 to verify the RTL description of the 
chip’s system logic. Then exercise the JTAG 
logic in a separate simulation. If errors occur in 
any of steps 25-27, return to step 19 to correct 
the core JTAG logic, or do one of the following 
for each erroneous sub-block: 

1) return to step 8 to correct the sub-block’s 
schematic, or 

il) correct the sub-block’s RTL description and 
return to step 5, 6 or 7 to verify the correc¬ 
tion. Re-verify each corrected sub-block 
individually to the extent desired in section 
III, part B, then continue at step 16,19 or 23 
as desired. 

28.lf the chip is a scan design, run MUSTANG to 
generate scan test patterns. 

29.Run TESTPAS to combine the functional and 
scan test patterns from steps 27 and 28, respec¬ 
tively. 
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6.3 Synopsys/Verilog Design Flow 

Tieoff’s and buses require special handling when a Verilog 
netlist created by the OACS “NETLIST tool is to be used in 
Synopsys (e. g. in steps16, 23 or 25 below). In an OACS 
netlist, the two statements which define VDD and VSS tieoff’s 
are not recognized by Synopsys and must be modified as de¬ 
scribed in a preliminary application note entitled ’^High-Level 
Design Methodology for OACS 2.0." Also, in an OACS netlist 
buses are separated into individual bits, which need to be re¬ 
combined into buses to properly connect to other Verilog HDL 
modules within Synopsys. An example of this is shown in the 
"High-Level Design" Application Note. 

The “Synopsys delays" mentioned below are the macrocell 
prop delays calculated by Synopsys during the process of 
synthesizing a sub-block. These delays must be written out to 
a ’Verilog.timing" file in order to be used during simulation of 
a synthesized sub-block. Synopsys delays are accurate to 
within approximately 5% of DECAL delays. 

Veritime timing analysis is recommended as a complement 
to real-time simulations (those using either DECAL or Synop¬ 
sys delays instead of unit-delays). 

I. Behavioral-Level Design 

1. As part of the behavioral verification of the entire 
system, create and verify a Verilog HDL behav¬ 
ioral description for all system logic on the H4C 
chip. 

II. Determine Chip PIn-Out and Create JTAG I/O Netlist 

2. Create both a Verilog netlist and a "Motorola 
EDIP netlist for the JTAG I/O only (no core mod¬ 
ule instantiation). 

3. Verify JTAG I/O conform to electrical design rules: 

a. Run ERC for peripheral rule checks, if viola¬ 
tions occur (other than those due to the 
absence of a core module instantiation) return 
to step 2 to correct the JTAG I/O netiists. 

III. Design Chip’s System (Non-JTAG) Logic 

A. Convert Behavioral Description to RTL (Register- 

Transfer Level) Description 

4. For one chip sub-block "X," convert the behavioral 
description to an RTL description. If X is to be 
converted into gates by logic synthesis as 
opposed to schematic capture, then the RTL 
description must use only those Verilog con¬ 
structs supported by Synopsys. 

5. Simulate X’s RTL description, by itself. Modify and 
re-simulate X’s RTL description until its functional¬ 
ity matches X’s behavioral description. 

6. Repeat step 1’s simulation of the chip behavioral 
description, but use the RTL description for sub- 
block X in place of X’s behavioral description. 
Modify X’s RTL description as necessary until 
chip functionality matches that of the all-behav¬ 
ioral chip description in step 1. Repeat steps 4-6 
for each of the chip’s sub-blocks. 


7. Simulate all system logic on the chip at the RTL 
level. Modify the sub-blocks’ RTL descriptions as 
necessary until chip functionality matches that of 
the all-behavioral chip description in step 1. 

B. Synthesize Sub-Block RTL Descriptions into 
Gate-Level Netiists 
SvnoDsvsA/erilOQ Debug Loop 

8. For one sub-block “X,” synthesize the RTL 
description into a gate-level Verilog netlist using 
Synopsys. 

9. Simulate X’s gate-level netlist by itself, using the 
same vectors used to verify X’s RTL description in 
step 5. Use Synopsys delays. If X’s functionality 
or timing is Incorrect: 

a. return to step 8 to modify the synthesis con¬ 
straints and re-run Synopsys, or 

b. correct X’s RTL description and return to step 
5, 6 or 7 to verify the correction. 

10. Repeat step 7’s simulation of the chip RTL 
description, but use the gate-level netlist for sub¬ 
block X In place of X’s RTL description. Use Syn¬ 
opsys delays for X. Handle bugs as prescribed in 
step 9. 

QACS Verificatifln 

11 .Create the required netiists for X: 

a. Run Synopsys to generate a flat EDIF netlist. 

b. Run EDIFMERGE to generate a “Motorola 
EDIP netlist (used by ERC and DECAL). 

c. Run NETLIST to create a Verilog netlist from 
the “Motorola EDIP netlist. Also generate a 
TEGAS/TDL netlist for MUSTANG if the chip is 
a scan design. 

12.Run ERC to verify X conforms to electrical design 
rules. If violations occur, correct X’s RTL descrip¬ 
tion and return to step 5,6 or 7 to verify the cor¬ 
rection. 

13.if the chip is a scan design, run the MUSTANG 
design rule checker to verify X conforms to scan 
design rules. (Also generate test patterns if X’s 
fault coverage is desired.) if violations occur, cor¬ 
rect X’s RTL description and return to step 5, 6 or 
7 to verify the correction. 

14. Verify X via real-time simulation and timing analy¬ 
sis: 

a. Run DECAL to calculate real-time delays. Han¬ 
dle edge-rate violations as prescribed in step 9. 

b. Repeat step 9, using DECAL delays instead of 
Synopsys delays. 

c. Repeat step 10, using DECAL delays instead 
of Synopsys delays. 

15. Repeat steps 8-14 for each synthesized sub- 
block until each one has a correct gate-level Ver- 
iiog netlist. 
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C. Design “Not-To-Be-Synthesized’VSchematic 
Capture Sub-Blocks 

QA C& -Vgrif ic ation 

8a. Use ASIC_GED to capture a schematic for one 
system sub-block “Y”. 

9a. Run NETLIST to create the following netlists for 
Y: 

a. an EDIF netlist (used by ERC and DECAL) and 
a Verilog netllst 

b. a TEGAS/TDL netlist (used by MUSTANG) if 
the chip is a scan design 

10a. (Optional) Do unit-delay simulation of Y’s gate- 
level netlist by Itself, using the same vectors used 
to verify Y’s RTL description in step 5. If Y’s func¬ 
tionality is Incorrect: 

a. return to step 8a to correct the schematic, or 

b. correct Y’s RTL description and return to step 
5,6 or 7 to verify the correction. 

11a. (Optional) Repeat step 7’s simulation of the chip 
RTL description, but use the gate-level netlist for 
sub-block Y in place Of Y’s RTL description. Han¬ 
dle bugs as prescribed in step 10a. 

12a. Run ERC to verify Y conforms to electrical 
design rules. If violations occur return to step 8a 
to correct the schematic. 

13a. If the chip is a scan design, run the MUSTANG 
design rule checker to verify Y conforms to scan 
design rules. (Also generate test patterns if Y’s 
fault coverage is desired.) If violations occur 
return to step 8a to correct the schematic. 

14a. Verify Y via real-time simulation and timing 
analysis: 

a. Run DECAL to calculate real-time delays. If 
edge-rate violations occur, return to step 8a to 
correct the schematic. 

b. Repeat step 10a, using DECAL delays instead 
of unit delays. 

c. Repeat step 11a, using DECAL delays instead 
of unit delays. 

15a. Repeat steps 8a-14a for each sub-block to be 
entered via schematic capture until each one has 
a correct gate-level Verilog netlist. 

D. Combine All of Chip’s System Sub-Blocks 

SynopsysA/erilog Debug Loop 

le.Read into Synopsys the gate-level Verilog netlists 
for all system sub-blocks on the chip. Run Synop¬ 
sys with logic optimization turned off (i. e,, no 
“compile”) to write out one Verilog netlist and one 
EDIF netlist which contain ail system logic on the 
chip. 

17.Simulate the gate-level netlist for all system logic, 
using Synopsys delays. Use the same vectors 
which were used in step 7 to verify the RTL 
description of the chip’s system logic. If violations 
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occur, do one of the following for each erroneous 
sub-block: 

a. return to step 8a to correct the sub-block’s 
schematic, or 

b. correct the sub-block’s RTL description and 
return to step 5,6 or 7 to verify the correction. 

Re-verify each corrected sub-block individually to the ex¬ 
tent desired in section III, part B or C, then return to step 16. 

QACS y erifl c aiiQ n 

18. Run EDIFMERGE to create a “Motorola EDIF’ 
netlist, then run NETLIST to create a TEGAS/TDL 
netlist for MUSTANG (if the chip is a scan design) 
and a Verilog netlist. 

19. Run ERC. Handle violations as prescribed In step 
17. 

20.lf the chip is a scan design, run MUSTANG. Han¬ 
dle violations as prescribed in step 17. 

21 .Run DECAL and then repeat step 17, using 
DECAL delays instead of Synopsys delays. 

IV.Combine JTAG Circuitry with Chip’s System Logic 

OACS Verification 

22. Create a gate-level Verilog netlist for the core 
JTAG logic (Including the TAP Controller etc.) by 
one of two methods: 

a. capture a schematic and run NETLIST. 

b. write a Verilog netlist manually. 

V erify A IIJ TAQ C imitry. b y 

23. Merge the core JTAG logic and the JTAG I/O into 
one Verilog netlist using Synopsys. (The Verilog 
netlists for any “soft” macros used, such as the 
MC^IREG or MC_IREG4, must be read into Syn¬ 
opsys; likewise for the Verilog netlists for any 
“firm” macros used, such as the FMC_TAPC.) 

24. Do a unit-delay simulation on ail JTAG circuitry. 
(Synopsys delays are not usable for simulation 
because they only include the core<->PAD data 
path through each BSC.) If violations occur return 
to step 22 to correct the schematic. 

Verify Combined System and JTAG Circuitry 

25. Create the required netlists for the entire chip: 

a. Run Synopsys with logic optimization turned off 
(i. e., no “compile”) to generate a flat EDIF 
netlist (except for firm macros) from the Verilog 
netlists for the system logic, core JTAG logic, 
and JTAG I/O. (As in step 23 above, the Verilog 
netlists for “soft" arid “firm” macros must be 
read into Synopsys. However, firm macros 
must remain hierarchical until step ‘c’ below. 
For more detail see the prelirhinary application 
note “High-Level Design Methodology for 
OACS 2.0”.) 
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b. Run EDIFMERGE to generate an “edif.net” 
netlist. Rename it as “edif.hnef since it con¬ 
tains hierarchical firm macros which have not 
yet been flattened. 

c. Run NETLIST, with the “edif.hnef as input, to 
create; 

i) “complete” or “flaf EDIF and Verilog netlists 
which include each firm macro’s internal cir¬ 
cuitry 

ii) an “Actual.RC” file (used be DECAL) for 
each firm macro, such as the FMC_TAPC 

iii) a TEGAS/TDL netlist for MUSTANG, if the 
chip is a scan design. 

26.Run ERC to verify entire chip conforms to electri¬ 
cal design rules. 

27.lf the chip is a scan design, run the MUSTANG 
design rule checker to verify entire chip conforms 
to scan design rules. 

28.Verify entire chip via real-time simulation and tim¬ 
ing analysis: 

a. Run DECAL to calculate real-time delays (uses 
“complete" EDIF netlist). 

b. Simulate the gate-level netlist for the entire 
chip using the same vectors which were used 
in step 7 to verify the RTL description of the 
chip’s system logic. Then exercise the JTAG 
logic in a separate simulation. 

If errors occur in any of steps 26-28, return to step 22 to 
correct the core JTAG logic, or do one of the following for 
each erroneous sub-block: 

i) return to step 8a to correct the sub-block’s 
schematic, or 

Ii) correct the sub-block’s RTL description and 
return to step 5, 6 or 7 to verify the correc¬ 
tion. 

Re-verify each corrected sub-block individually to the ex¬ 
tent desired In section III, part B or C, then continue at step 
16, 22 or 25 as desired. 

29.lf the chip is a scan design, run MUSTANG to 
generate scan test patterns. 

30.Run TESTPAS to combine the functional and 
scan test patterns from steps 28 and 29, respec¬ 
tively. 


Appendix A: Electronic Rule Checker (ERC) Rules 
for JTAG 

Each rule presented in this appendix has been classified 
as either a warning (W) or an error (E) based upon the sever¬ 
ity of the violation. Warnings are used to Indicate a possible 
violation of JTAG specification requirements which will not 
cause any failure in the design methodology or manufacture. 
As such, a warning may be Ignored If the condition that it flags 
Is truly what the designer intended to implement. On the other 
hand, errors must be corrected. 

Appendix A.1: General Rules for H4C 

1. (E) BUFXP and INVXP macros must be placed on 
power or ground sites. 

2. (E) No macro may have both an IO_PIN1 and a 
FIX property. 

3. (E) The IO_PIN1 property must be used on all 10 
macros which contain a pad port. 

4. (E, W)AII the ERC rules that apply to non-JTAG 
input macros apply to input BSC macros and to 
TCK, TMS, TDI, TRSTB macros. 

5. (E, W)AII the ERC rules that apply to non-JTAG 
output macros apply to output BSC macros and to 
TDO, TDOA macros. 

6. (E, W)AII the ERC rules that apply to non-JTAG 
bidirectional instances apply to bidirectional BSC 
instances. A bidirectional BSC instance Is con¬ 
structed from a bidirectional output BSC macro 
and a bidirectional input BSC macro. 

7. (E, W)AII the ERC rules that apply to non-JTAG 
bidirectional output macros apply to bidirectional 
output BSC macros. 

8. (E, W)AII the ERC rules that apply to non-JTAG 
bidirectional input macros apply to bidirectional 
input BSC macros. 

9. (E, W)AII the ERC rules that apply to non-JTAG 
oscillator macros apply to oscillator BSC macros. 

10. (E) For peripheral JTAG macros, an I/O site can 
be shared only in the following ways. 

a. Any normal drive input BSC macro, excluding 
ICNJA, and any normal drive non-JTAG input 
macro can share its I/O site with a parallel/ 
slave buffer used In JTAG or non-JTAG high- 
drive output and high-drive bidirectional mac¬ 
ros. 

b. A TDBUF macro can share its I/O site with a 
parallel/slave buffer used in JTAG or non-JTAG 
hIgh-drIve output and high-drive bidirectional 
macros, but a TDBUFP cannot. (TDBUF(P) is 
built with the input buffer portion of an I/O site.) 

c. A bidirectional BSC instance is constructed 
from a bidirectional output BSC macro and a 
bidirectional input BSC macro. An IO_PIN1 
property Is associated with a bidirectional out¬ 
put BSC macro. Neither an I0_PIN1 nor a FIX 
property Is associated with a bidirectional Input 
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BSC macro. A bidirectional input BSC macro 
shares a site with the bidirectional output BSC 
macro to which it gets connected. Note that the 
ENSCANJ cannot share an I/O site, even 
though it does not use the input or output buffer 
portion of the I/O site, tn addition, neither the 
ISO(P) macro nor any of the special buffers for 
CKDR, SHDR, UDDR, IMC and OMC can 
share an I/O site. 

11 .(E) When placing I/O macros and JTAG buffers in 
the periphery, the user must leave room for hi- 
drive parailei/siave buffers. (Paralleled buffers 
cannot be placed on power sites.) There also 
must be enough empty I/O sites for 
EDIF2TANGATE to place all BUFX and INVX 
macros used in the design. 

12.(E) Only peripheral macros can be located in the 
periphery of a chip. Peripheral macros must be 
located in the periphery of a chip. 

Appendix A.2: Test Access Port Connections 

The rules in this section ensure that the Test Access Port 
Is implemented correctly. 

1. (W)There must be one and only one macro from 
the set {TCK, TCKT, TCKS, TCKH, TCKHT, 
TCKHS} in the design. 

2. (E) There must be one and only one macro from 
the set {TMS, TMST, TMSS} In the design. 

3. (E) There must be one and only one macro from 
the set {TDI, TDIT, TDIS} in the design. 

4. (E) There must be one and only one TOO or 
TDOA macro in the design. 

5. (E) There must not be more than one macro from 
the set {TRSTB, TRSTBT, TRSTBS, ICNJA} in the 
design. 

6. (E) The PAD Inputs of {TCK, TCKT, TCKS, TCKH, 
TCKHT, TCKHS, TMS, TMST, TMSS, TDI, TDIT, 
TDIS} macros must be connected to high speed 
scan pads. The PAD outputs of TDO and TDOA 
macros must be connected to high speed scan 
pads. 

7. (E) There must be a pullup resistor connected to 
the 1C ports of {TMS, TMST, TMSS, TDI, TDIT, 
TDIS, TRSTB, TRSTBT, TRSTBS, ICNJA) mac¬ 
ros. 

Appendix A.3: JTAG Conformance 

The rules in this section ensure that the design conforms 
to the internal requirements of the JTAG specification. Since 
most of these are not required In order to have a fully function¬ 
al device they are warnings. 

1. (W)The number of BPREG macros in the design 
must be greater than zero. 

2. (E) There must not be more than one BPREG 
macro in the design. 


3. (E) There must not be more than one IDREG 
macro in the design. 

4. (E) If the device I. D. code is specified in the 
design information then there must be one IDREG 
macro in the design. 

5. (E) If there is one IDREG macro In the design 
then the value set on the D31 to DO pins must 
match the I. D. code specified In the design Infor¬ 
mation. D31 is the most significant bit. If a bit is 

1 (0), the corresponding D-port must be connected 
to VDD (VSS). 

6. (W)lf any 3-state BSC’s are used In the design 
then there must be one or more instances of a 
macro from the set {ENSCANI, ENSCANP, 
ENSCANJ). 

Appendix A.4: JTAG I/O Scan Ring 

The rules in this section ensure that the connection and 
placement of JTAG I/O macros In the periphery conform to 
the H4C array Implementation of JTAG. 

1. (E) No BSC JTAG macros may be placed 
between a macro from {TDI, TDIT, TDIS) and a 
macro from {TDO, TDOA) in the direction clock¬ 
wise of a macro from {TDI, TDIT, TDIS). 

2. (E) Instances of peripheral JTAG buffer macros 
must have valid FIX property values that locate 
them In the periphery of the design. 

3. (E) All ‘xxxP’ JTAG macros must be placed on 
power and ground 10 sites. 

4. (E) No ‘non-xxxP’ JTAG macro can be placed on 
a power or ground site. 

5. (E) The fanout of the TDIP port of a macro from 
{TDI, TDIT, TDIS) must be one. The TDIP port of a 
macro from {TDI, TDIT, TDIS) must be connected 
to the TDI port of a peripheral BSC or the TDI port 
of a macro from {TDO, TDOA, TDBUF, TDBUFP). 

6. (E) The fanout of the TDO port of every peripheral 
BSC or TDBUF/P macro must be one. The TDO 
port of such a macro must be connected to the 
TDI port of another peripheral BSC or the TDI port 
of a macro from {TDBUF, TDBUFP, TDO, TDOA). 

7. (E) The fan-in of the TDI port of every peripheral 
BSC and TDBUF/P macro must be one. The TDI 
port of such a macro must be connected to the 
TDO port of another peripheral BSC, TDBUF/P, or 
the TDIP port of a macro from {TDI, TDIT, TDIS). 

8. (E) The fanin of the TDI port of the TDO/TDOA 
macro must be one, and must be connected to 
the TDO port of a peripheral BSC, TDBUF/P, or 
the TDIP port of a macro from {TDI, TDIT, TDIS). 

9. (E) Starting from the {TDI, TDIT, TDIS) macro, the 
order of the peripheral BSC’s obtained by tracing 
fanouts of their TDO ports must be the same as 
the order obtained by traversing I/O sites in the 
counter-clockwise direction from the {TDI, TDIT, 
TDIS). 
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10.(W)lf there are any unused I/O sites then there 
should be zero ENSCANI macros. 

11 .(E) The number of I/O sites between a peripheral 
BSC and the fanout instance of its TOO port must 
be <= 7 (not Including the I/O sites of the driver 
and the receiver). 

Appendix A.5: Hi-Drive Outputs 

1. (E) There must be no HIDRIVE property on any 
BSC output or bidirectional macro, or on the TOO/ 
TDOA macro. 

Appendix A.6: JTAG Clock & Control Signal 
Distribution 

The rules in Sections A.6.1, A.6.2 and A.6.3 are split into 
two cases. Case I should be used for large and/or high speed 
arrays. Case II can be used for small and/or low speed arrays. 
The case type can be specified In the “designjnfo” file. A giv¬ 
en design must follow either Case I or Case II rules for ail six 
signals, namely CKDR, SHDR, UDDR, IMC and CMC. Case 
types cannot be mixed on the same chip. Also, an “E” or “W” 
in parenthesis classifies each rule as either an error or a 
warning. 

The following rule applies to all six of these signals: 

1. (E) All JTAG buffers must reside within 25 I/O 
sites of the nearest INPVSS or BOTHVSS macro, 
and within 25 I/O sites of the nearest INPVDD or 
BOTHVDD macro. 

Appendix A.6.1: CKDR Distribution 

The rules in this section verify proper distribution of the 
CKDR signal in the periphery. Case I uses a central CK- 
DRMID/P macro driving a CKDRCC1/P and a CKDRCC2/P 
macro as shown in Figure 3-1. Case 11 only requires a single 
CKDR macro as shown in Figure 3-5. 

CASE I - Large and/or High Speed Arrays (see Figure 3-1) 

1. (E) There must be one and only one occurrence 
of each of the following macros: CKDRCC1/P, 
CKDRCC2/P, CKDRMID/P, and TDOA. There 
must be no occurrences of the CKDR/P macro. 

2. (E) The CKDRMID/P must be driven by a core 
macro. 

3. (E) CKDRMID/P can only drive CKDRCC1/P and 
CKDRCC2/P. 

4. (E) CKDRCC1/P and CKDRCC2/P can only be 
driven by a CKDRMID/P. 

5. (E) CKDRCC1/P and CKDRCC2/P cannot drive 
same net. 

6. (E) CKDRCC1/P and CKDRCC2/P can only drive 
the CKDR port of peripheral BSC's. Conversely, 
the CKDR port of peripheral BSC's can only be 
driven by either CKDRCC1/P or CKDRCC2/P. 

7. (E) CKDRCC1/P must drive only the CKDRNET1 
net. 


8. (E) CKDRCC2/P must drive only the CKDRNET2 
net. 

9. (E) The CKDRMID/P must reside In an I/O site 
between TDI and CKDRCC1/P, or between 
CKDRCC2/P and TDOA, or between TDOA and 
TDI. 

10. (E) There must not be any common lO sites 
among 10 sites covered by physical CKDRNET1 
and physical CKDRNET2. 

11 .(E) CKDRCC1/P must reside at an lO/power/ 
ground site covered by physical CKDRNET1. 
CKDRCC2/P must reside at an lO/power/ground 
site covered by physical CKDRNET2. 

In Figure 3-1, branches (a) and (b) comprise CKDRNET1 
and branches (c) and (d) comprise CKDRNET2. 

12. (E) IMID2CC1 - MID2CC2I/[(MID2CC1 + MID2CC2)/2] 

<15%, where MID2CC1 = # I/O sites between CKDRMID/P 

and CKDRCC1/P. MID2CC2 = # I/O sites between 

CKDRMID/P and CKDRCC2/P. 

13. (E) 1# loads, o ahranch (a ) - # Ms o a branch Cc)l_< 15% 

[# loads on branch (a) + # loads on branch (c)]1/2 

14. (E) I# loads on branch (b) - # loads on branch (6)\ <15% 

[# loads on branch (b) + # loads on branch (d)l/2 

15. (E) U fyo ada o nCJ ^ BNE TI l-f M oads-o^ <15% 

(# loads on CKDRNET1 + # loads on CKDRNET2)/2 

16. (W) I # l oads on branch (a) i lo a dsi^p biaDChib)L.- <i 5% 

[# loads on branch (a) + # loads on branch (b)]/2 

17. (W) I# loads on branch fc) - # loads on branch (d^l <15% 

[# loads on branch (c) + # loads on branch (d)]/2 

CASE II - Small and/or Low Speed Arrays (see Figure 3-5) 

1. (E) There must be one and only one occurrence 
of the CKDR/P macro. 

2. (E) There must be no occurrences of the 
CKDRCC1/P, CKDRCC2/P, or CKDRMID/P mac¬ 
ros. 

3. (E) The CKDR/P must be driven by a core macro. 

4. (E) The CKDR/P can only drive the CKDR port of 
peripheral BSC's. Conversely, the CKDR port of 
peripheral BSC's can only be driven by the 
CKDR/P. 

5. (E) The TDO macro must be used instead of the 
TDOA macro. 

Appendix A.6.2: SHDR, UDDR Distribution 

The rules in this section verify proper distribution of the 
SHDR and UDDR signals In the array periphery. The rules 
are given for SHDR explicitly. These need to be repeated for 
UDDR by substituting “UDDR” wherever “SHDR” appears. 

CASE I - Large and/or High Speed Arrays (see Figure 3-3) 

1. (E) There must be two and only two occurrences 
of the SHDR/P macro. 

2. (E) Both SHDR/P's cannot drive the same net. 
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3. (E) Each SHDR/P must be driven by a core 
macro. 

4. (E) There must be one and only one occurrence 
of ISO/P macro. 

5. (E) Each SHDR/P can only drive the SHDR port 
of peripheral BSC's. Conversely, the SHDR port 
of peripheral BSC's can only be driven by a 
SHDR/P. 

In Figure 3-3, the SHDR/P macro driving net1 is called 
‘shdr-i1’ and the SHDR/P macro driving net2 is called ‘shdr- 
i2’, for the purpose of explanation. 

6. (E) shdr-i1 must reside in an I/O site between 
TDOA and ISO/P, as lO sites are traversed 
counter-clockwise from TDOA. shdr-i2 must 
reside in an I/O site between TDOA and ISO/P, as 
lO sites are traversed clockwise from TDOA. 

7. (E) All the peripheral BSC's on lO sites between 
TDOA and ISO/P, as lO sites are traversed 
counter-clockwise from TDOA, must have their 
SHDR ports driven by shdr-11. All the peripheral 
BSC's on lO sites between TDOA and ISO/P, as 
lO sites are traversed clockwise from TDOA, must 
have their SHDR ports driven by buffer shdr-i2. 

In Figure 3-3, branches (a) and (b) comprise net1 and 
branches (c) and (d) comprise net2. 

8. (W) w l oa d s o n b ranch(a) : ft lo ads on branch.(b ) l ■<15% 

[# loads on branch (a) + # loads on branch (b)]/2 

9. (W) Iff loads on branch(c).- # loads on hfancicQJ-<i5% 

[# loads on branch (c) + # loads on branch (d)l/2 

1 o.(W) l(f Ipads-on net J ) - ..(# loads on n et 2)L. < 15% 

(# loads on net 1 + # loads on net 2)/2 

CASE II - Small and/or Low Speed Arrays (see Figure 3-6) 

1. (E) There must be one and only one occurrence 
of the SHDR/P macro. 

2. (E) The SHDR/P must be driven by a core macro. 

3. (E) The SHDR/P can only drive the SHDR port of 
peripheral BSC's. Conversely, the SHDR port of 
peripheral BSC's can only be driven by a SHDR/ 
P. 

4. (E) There must be no occurrences of the ISO/P 
macro. 

Appendix A.6.3: IMC, OMC Distribution 

The rules in this section verify the distribution of the IMC 
and OMC signals in the periphery. The rules are given for IMC 
explicitly. These need to be repeated for OMC by substituting 
OMC in place of IMC. 

CASE I - Large and/or High Speed Arrays (see Figure 3-4) 

1. (E) There must be two and only two occurrences 
of IMCDR/P. 

2. (E) Both IMCDR/P's cannot drive the same net. 

3. (E) An IMCDR/P must be driven by a core macro. 


4. (E) Each IMCDR/P can only drive the IMC port of 
peripheral BSC's. Conversely, the IMC port of 
peripheral BSC's can only be driven by an 
IMCDR/P. 

In Figure 3-4, the IMCDR/P driving net1 Is called ‘lmcdr-11’ 
and the IMCDR/P driving net2 Is called ‘imcdr-i2’, for the pur¬ 
pose of explanation. 

5. (E) imcdr-i1 must reside in an lO/power/ground 
site between CKDRCC1/P and CKDRCC2/P, as I/ 
O sites are traversed clockwise from CKDRCC1/ 
P. imcdr-i2 must reside in an lO/power/ground site 
between CKDRCC1/P and CKDRCC2/P, as I/O 
sites are traversed counter-clockwise from 
CKDRCC1/P. 

6. (E) All the peripheral BSC's on lO sites between 
CKDRCC1/P and CKDRCC2/P, as I/O sites are 
traversed clockwise from CKDRCC1/P, must have 
their IMC ports driven by imcdr-i1. All the periph¬ 
eral BSC's on lO sites between CKDRCC1/P and 
CKDRCC2/P, as I/O sites are traversed counter¬ 
clockwise from CKDRCC1/P, must have their IMC 
ports driven by Imcdr-i2. 

7. m I# loads on branch(a) -»loads on branchfc)l_ < 15% 

[# loads on branch (a) + # loads on branch (c)]/2 

8. m I# loads on branchfb^ - # loads on branchfd^l <15% 

[# loads on branch (b) + # loads on branch (d)]/2 

CASE II - Small and/or Low Speed Arrays (see Figure 3-6) 

1. (E) There must be one and only one occurrence 
of the IMCDR/P macro. 

2. (E) The IMCDR/P must be driven by a core 
macro. 

3. (E) The IMCDR/P can only drive the IMC port of 
peripheral BSC's. Conversely, the IMC port of 
peripheral BSC's can only be driven by the 
IMCDR/P. 
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Appendix B: BSC Modeling & TAP Controller 
Design for Mustang Compatibility 

Appendix B.1: BSC Mustang Model 

The peripheral boundary scan cells use a shadow register 
structure similar to that shown in Figure B-1. 


RB 

TDl 

CKDR 

UDDR 

SB 


D Q 
DFF 
CK 


D RB Q 
LATCH 
G SB 


TOO 

D 


Figure B-1 General JTAG Shadow Register Structure. 


Mustang cannot correctly model this functionality because 
the shadow latch is not on a scan chain, so a more limited 
Mustang-compatible model is used. The shadow latch is 
modeled as a combinatorial element instead of being static. 
This is done by creating a primitive with the truth table shown 
In Table B-1: 

Table B-1 Truth Table for JTAG Combinatorial “jlatch” 


D 

G 

RB 

SB 

Q 

X 

X 

0 

1 

0 

X 

X 

1 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 

1 

1 

All Other States 

X 


The primitive operates with the constraint that either one of 
the reset / set pins (RB, SB) must be active or the gate (G) 
must be active with the data (D) Input known. Any other com¬ 
bination will result In an X being generated at the output. 

The JTAG boundary scan cell Mustang models have been 
constructed using this primitive. As a result. Mustang can de¬ 
tect all faults within the BSC except a stuck-at-one fault on the 
gate input of the latch. 

Appendix B.2: TAP Controller 

The TAP Controller implementation given in the IEEE 
1149.1 JTAG specification Is shown in Figure B-2. This TAP 
Controller design is not compatible with scan design rules be¬ 
cause: 

I) it contains static elements that are not scan- 
nable 

ii) it contains signals which are gated by the 
TCK clock 


iii) both the rising and falling edges of TCK are 
used as active edges. 

In order to correct these problems the following steps were 
taken: 

1. Two extra inputs and one extra output have been 
added to the TAP Controller. The MTST input is 
active high whenever the design is to be used in 
Mustang-compatible mode (such as during pro¬ 
duction test at Motorola).Scan data enters the 
TAP Controller via the TDl Input and leaves via 
the TDO output. The TDl and TDO mentioned 
here are ports on the TAP Controller macro and 
should not be confused with the TDl and TDO 
pins. 

2. All of the flip flops were changed to scannable 
devices. 

3. The inverter In the path generating TCKB was 
replaced with an exclusive-or gate to ensure that 
all of the static elements will be clocked on the ris¬ 
ing edge of the TCK clock. The paths to the CKIR 
and CKDR outputs are unaltered since these 
already clock on the correct edge. 

4. NAND gates were added to the following outputs 
to put them Into the specified state during Mus¬ 
tang scan mode: 

a. SL = 1: TDO used as scan output for Instruc¬ 
tion Register scan chain. 

b. ENABLE = 1: Enables TDO 3-state output. 

c. RB = 1: Prevents reset of JTAG logic while 
shifting scan chains. 

d. SHIR = 1: Puts Instruction register into scan 
mode. 

e. SHDR = 1: Puts Data registers Into scan mode. 

f. UDDR = 1: Holds data register shadow latches 
transparent. 

In addition, the TMS input Is AND'ed with the MTST Input 
to form the Mustang Scan Enable (MSE) signal. MSE Is 
passed to the scan enable of all flip-flops in the TAP Control¬ 
ler. When high, MSE places these flops in scan/shift mode. 

Suppose a core/system flop gets its data from an input 
BSC having the shadow register structure shown in Figure B- 
1. The latch within this BSC Is driven by UDDR, which is de¬ 
rived from clock TCK in Figure B-2. Since the latch in the BSC 
must be modeled as a combinatorial “JLATCH,” Mustang 
sees a clock derivative (UDDR) propagating through the 
JLATCH to drive the data input of the system flop. This con¬ 
dition violates scan design rules; state element data inputs 
cannot be derived from a clock. The problem can be over¬ 
come In the TAP Controller by replacing the NAND which 
gates TCK to UDDR with a flip-flop which is clocked on the 
falling edge of TCK. This has the additional effect of extend¬ 
ing the update pulse from half a cycle to a complete cycle, 
which satisfies the Mustang requirement that the data input to 
a flop be an NRZ (non-pulsed) waveform. (UDDR still drives 
the data input of the core/system flop via the combinatorial 
JLATCH.) 
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Since the latch portion of the Instruction Register has been 
changed to a flop (see Figure 4-1) this problem does not exist 
on UDIR, which therefore need not be generated by a flop. In 
fact, UDIR must not be generated by a flop now that It drives 
a flop clock port instead of the combinatorial JLATCH. The 
reason is that Mustang requires flops to have pulsed clocks. 

The new functionality for UDDR is shown In the waveform 
diagram of Figure B-3, which demonstrates the loading of a 
data register. 
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Figure B-3 JTAG Control Signals Waveform Diagram 

The waveform diagram shows the operation of the TAP 
Controller while performing the fastest cycle of loading and 
updating the data register. This shows the shortest time pos¬ 
sible, during JTAG operation, between UDDR going inactive 
and the next occurrence of a CKDR pulse. UDDR Is the cur¬ 
rent update signal while UDDR1 is the signal that Is generat¬ 
ed by the new TAP Controller design In Figure B-4. This 
diagram shows that the addition of a flip-flop on the UDDR 
signal causes no functional change in the operation of the 
JTAG boundary scan circuitry. 

Some additional circuitry has been added to the TAP Con¬ 
troller to improve Its fault coverage: 

1. A large number of faults on the NAND gates on 
the left are not detectable because the TMS line 
which feeds Into them also puts the flip flops 
which obsen/e them Into scan mode. This is 
resolved by adding gating to allow the TDI input to 
control the NAND gates when the device Is In 
Mustang test mode. 

2. Faults on gates feeding the CKDR, CKIR, and 
UDIR outputs are undetected because they are 
unobservable. (MTST overrides the TAP Control¬ 
ler state for control of these signals during Mus¬ 
tang test mode because Mustang requires control 
of all clocks from a pin, in this case the TCK pin.) 
The fault coverage is improved by monitoring all 
three signals with an exclusive-or gate, which Is 
observed by a flop that Is added to the scan 
chain. 

Appendix C: EDIFMERGE Attribute File Entries for 
Peripheral JTAG Macros 

Figure C-1 shows the JTAG portion of the Attribute file for 
the circuit In Section 4.5, Figure 4-7 (if this circuit had been 
entered using Verilog HDL Instead of schematic capture). 

In Figure C-1, comment lines are denoted by an asterisk as 
the leading character. The keyword “-INSTANCE” Is followed 


by a Fix entry for each non-bonded macro in the design. In 
each FIX entry the macro Instance name Is copied from the 
Synopsys EDIF netllst, and is the instance “name” with any 
leading non-alphabetic characters stripped off. (The instance 
“rename,” which Is not used, is enclosed in quotes and follows 
the instance “name” In the netllst.) 

The ISOP macro requires two entries In the Attribute file. In 
the entry which follows the “-NONLOGICCELL” keyword, the 
instance name is arbitrarily chosen. This Instance name is 
then used in the second ISOP entry, which follows the “-IN¬ 
STANCE” keyword along with the entries for the other non- 
bonded macros. 

Note that the TAP macros are fix-placed via the I0_PIN1 
property, not the FIX property, since these are input macros 
which connect to package pins. 


-NONLOGICCELL 

*cell type 

ISOP 

Instance name 
Isop; 


-PORT 

*Signal Name 

property 

Pin# 

TMS 

IO_PIN1 

“39”; 

TCK 

IO_PIN1 

“38”; 

TDOA 

lO.PINI 

“33”; 

TDI 

IO_PIN1 

“32”; 

-INSTANCE 

^instance name 

property 

I/O site # 

imcdr_1 

FIX 

“IO10”; 

ckdrmid p 

FIX 

“1011”; 

omcdrp_1 

FIX 

“1017”; 

ckdrcci p 

FIX 

“10115”; 

shdr_1 

FIX 

“10116”; 

uddrp_1 

FIX 

“10121”; 

isop 

FIX 

“10219”; 

imcdr_2 

FIX 

“10220"; 

omcdrp_2 

FIX 

“10225”; 

ckdrcc2p 

FIX 

“10323”; 

shdr_2 

FIX 

“10324”; 

uddrp_2 

FIX 

“10329”; 


Figure C-1 JTAG-Macro Portion of Attribute File for 
H4C123 in 160 QFP(CD) or MicroCooi 

Non-JTAG hl-drive outputs and bidirectionals are designat¬ 
ed by a HIDRIVE property. However each JTAG hi-drive Is a 
separate macro, which has a COMPLEX_HIDRIVE property 
instead of a HIDRIVE property. COMPLEX.HIDRIVE proper¬ 
ties are added to the EDIF netllst automatically by the 
NETLIST program, therefore a JTAG hl-drive has no entry in 
the Attribute file for either a HIDRIVE property or a 
COMPLEX_HIDRIVE property. 
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Appendix D: JTAG for H4CPIus 

The H4CPIUS JTAG implementation is identical to the H4C 
JTAG implementation with the exeption of the changes de¬ 
scribed below. 

1. The TOO and CKDR macros do not exist because 
the “Small or Low-Speed Array” distribution 
scheme (see section 3.3) has not been imple¬ 
mented. 

2. The H4C TOO A macro has been renamed 
‘TDOUT’ in H4CPIus, and the mux and flop (see 
Figure 2-1) have been removed from the TDOUT 
macro. This logic must now be implemented In 
the array core, where the customer can modify it if 
he wishes. 

3. Only the “non-P” version exists for the following 
macros: 

• ISOR 

• CKDRCC1 

• CKDRCC2 

• CKDRMID 

• SHDR 

• UDDR 

• IMCDR 

• OMCDR 

• ENSCANJ 

• TDBUF 

The ISOR, CKDRCC1, CKDRCC2. ENSCANJ 
and TDBUF macros can now be placed on normal 
I/O sites as well as on output-power/gnd sites. 
However, they cannot be placed on input-power/ 
gnd sites. All the rest of these macros can be 
placed by themselves on normal I/O sites, output- 
power/gnd sites, and Input-power/gnd sites. 

4. The ISOR macro now makes a physical cut In the 
CKDR ring. In addition to the SHDR and UDDR 
rings as in H4C. The ISOR also contains a flop 
and an inverter such that the flop is clocked on 
the falling edge of CKDR (see Figure 7-1). This 
flop Is placed in the shift path of the boundary 
scan chain to prevent hold time violations due to 
clock skew between the two physically separate 
CKDR nets. Unlike H4C, all BSC’s no longer 
share a common clock net, therefore hold time 
violations between BSC’s are of concern. How¬ 
ever, the falling-edge flop inside the ISOR macro 
allows CKDRNET2 In Figure 7-1 to be skewed 
from CKDRNET1 by up to half a cycle of CKDR 
without causing a hold time violation. The benefit 
realized is that there is no fake cut required in the 
netllst for accurate simulation (see section 3.2), 
therefore the need for tight balancing of the 
CKDR buffers is eliminated, along with the associ¬ 
ated ERC rules. Simulation using PREDIX RC’s 
now will show If enough skew exists between 


CKDRNET1 and CKDRNET2 to cause timing vio¬ 
lations when shifting data through the boundary 
scan chain. 

5. The customer must use PREDIX to compute the 
actual RC’s for peripheral JTAG nets, in order to 
do accurate JTAG simulations. DECAL merges 
the PREDIX peripheral RC’s with either DECAL- 
estlmated RC’s for the array core (for pre-layout 
simulations) or with Gate Ensemble-generated 
actual RC’s for the array core (for pre-layout simu¬ 
lations). 

6. The paralleled output buffer portion of a hi-drive, 
such as an ON32, can reside on an ouptut-gnd 1/ 
O site if that gnd is an OVSSP macro. 



Figure D-1 CKDR Distribution to I/O Boundary Scan 
Cells on H4CPIUS Arrays 


Trademarks 

H4C, H4CPIUS, DECAL, Mustang, and TestPAS are trade¬ 
marks of Motorola, Inc. 

Verilog and Gate Ensemble are trademarks of Cadence De¬ 
sign Systems, Inc. 

Synopsys is a registered trademark of Synopsys, Inc. 
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INTRODUCTION 

The H4CPIUS Series technology offers the ability to im¬ 
plement designs with one of two possible core voltages, in 
combination with all 3V, all 5V, or mixed 3V/ 5V I/O designs. 
To achieve this end, it Is helpful to understand how this tech¬ 
nology is implemented, and how to incorporate these details 
into the design via Motorola’s Open Architecture CAD 
System (OACS™) Interface. 

Throughout this application note, 3.3-volt I/Os will be 
loosely referred to as 3-volt I/Os, since the operating range is 
selectable from 3.0 ±.3 volts, to 3.3 ±.3 volts, and is not re¬ 
quired to be 3.3 volts. 

This application note Is best understood If the reader has 
a working knowledge of the Motorola OACS[1] design tools. 

OBJECTIVE 

This application note provides the knowledge necessary to 
implement designs that are all 3V, all 5V, or mix both 3- and 
5- volt I/Os and a single core voltage of either 3 or 5 volts in 
the H4CPIUS Series CMOS array family. 

1. DESIGN DETAILS 

1.1 Power Rail Configuration 

An H4CPIUS array has five distinct power and ground rails, 
which are shown in Figure 1. An H4CPIus Series array con¬ 
tains an output power rail for powering 5-volt outputs named 
the OVDD5 rail, an output power rail for powering 3-voit 
outputs named the OVDD3 rail, an output ground bus named 
OVSS, and the core power and ground rails named VDD and 
VSS, respectively. 

1.2 Technology Selection 

There are two distinct technology libraries to choose from 
when Implementing an H4CPIus design. They are the H4CP3 
library, which contains ail of the 3-volt core macros along with 
the 3-to-3 and 3-to-5 volt I/Os, and the H4CP5 library, which 
consists of all the 5-volt core macros with the corresponding 
5-to-5 and 5-to-3 volt I/Os available for that technology. The 
selection process is the same as selecting between array 


families (e.g., HDC and H4C Series) In the OACS 
DESIGN_INFO tool today. Once a given technology has 
been selected, accessing macros in the other technology is 
neither possible, nor desirable. 



1.3 Macro Naming Conventions 

The H4CPIUS macro naming conventions have been se¬ 
lected to simplify the design process. There are two distinct 
conventions to describe: those for the core macrocells, and 
those used in the I/O portion of a design. 

1.3.1 Core Macrocells 

Core macros have the same name regardless of tech¬ 
nology selected. The only difference between the technol¬ 
ogies for core macros is the timing data, since H4CP3 has 
been characterized at 3.3 volts, and H4CP5 at 5.0 volts. 
Section 1.2 describes the H4CP3 or H4CP5 timing data se¬ 
lection process. 

1.3.2 I/O Macrocells 

A consistent naming convention has been put in place so 
that I/O selection can be done easily. The two key characters 
used are “L" and “X”. Remembering the following two rules — 
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that always apply—will simplify macro selection. An “L” in the 
I/O macro name always indicates that the macro has been 
designed for a 3-volt external interface. An "X” always indi¬ 
cates that there is a translation of voltage between the core 
and the external interface voltage. 

Consequently, the H4CP3 technology will contain only I/O 
macros with either an “L” or an “X” in their names, but not 
both. The names of H4CP5 I/O macros will either contain both 
letters (L and X) together or neither letter- e.g. ONLX8 or 
ON8. 

For example, an ONL8 is an 8mA output with a 3-volt core 
and a 3-volt interface. An ONX8, is a macro with a 3-volt core 
and a 5-volt Interface. Both of these macros would be found 
only In the H4CP3 library. An ON8 Is a 5-volt core, 5-volt in¬ 
terface macro. An ONLX8 is a 5-volt core, 3-volt Interface 
macro. Both of these macros would be found only in the 
H4CP5 library. 

1.3.3 Special 3-Volt I/O Considerations 

The usage of 3-voit receivers in a technology that allows 3 
and/or 5-volt supplies has three points that require expla¬ 
nation. 

The first is with respect to the input threshold. Due to the 
small difference between 3-volt CMOS and TTL thresholds, 
no distinction is made. Consequently, ah ILTN macro will hot 
be found in the H4CP3 library. Instead an ILCN with a VDD/2 
threshold is used, since the small difference in threshold was 
not considered justification enough to create a separate 3-voit 
TTL receiver at this time. 

The next design impact to consider is steady state current 
draw consumed by 3-volt inputs with a 5-volt core voltage, 
such as an ILTXN. Receivers are powered by the core 
voltage, which in this case would be 5 volts. A high on the 3- 
volt input would result in the receiver never completely cutting 
off the P-channel transistor. For a 3.3-volt signal, and a 5-volt 
core with typical conditions this current would be 225 mA, and 
with a TTL input high of 2.0 volts this current would be 850 mA. 

The steady state current is only a power issue and wilt 
cause no degradation in the performance or functionality of 
the receiver over time, but the designer needs to be aware 
that this condition exists. This current is included by ERC 
during its DC power consumption analysis. 

The final point is in regards to the type of receiver a 3-volt 
output is driving, three-volt outputs should not drive CMOS 
inputs, since VOH requirements can not be guaranteed. ERC 
will flag any invalid bi-directional combinations in a design, 
such as a BICN used with a BONLX8T. This check cannot be 
done for external loads, since ERC does not know what type 
of receiver is being driven by the 3-volt output. Refer to the 
“H4CPIUS Series Design Reference Guide” [2] DC Electrical 
Characteristics chapter for the 3^ and 5- volt specifications 
when Implementing the I/O portion Of the design. 


1.4 Power Bus Tying 

Many legitimate power bus tying combinations are pos¬ 
sible with H4CPIUS. Both output rails (OVDD5 and OVDD3) 
can be tied, or the core power rail can be tied to either output 
power rail, or all three power rails can be tied together as well. 

The mechanism for choosing which buses to tie Is the 
OACS DESIGN_INFO tool. The first selection to make is 
whether to use the 3-volt or 5-volt technology. The hext se¬ 
lection is whether the I/O Is all 3-volt, all 5-volt, or a mix of the 
two. An Important point to understand is that this question 
pertains to the interface voltage, and not necessarily the 
voltage at which the I/O operates. 

Making this selection isn’t always as easy as it would 
appear to be. At first glance, a design with a 3-volt core and 
all 3-volt outputs with a 5-volt Input, such as an ICXN, may 
appear to only require 3-volt power since inputs are powered 
from the core. Even though this macro is powered from the 
core, it still requires the OVDD5 power to be provided with 5 
volts to prevent forward-biasing the protection diode when 5 
volt signals are received at the input. So even though the 
input macro and all of the outputs are powered by 3 volts. It is 
incorrect to select all 3-volt I/O, since 5 volts Is required as 
well. 

The basic rule of thumb is this: The only time “I/O Type 
3.3V’’ can be selected In DESIGN_INFO is If all I/O macros 
used contain an “L” In their name. The only time “I/O Type 
5.0v” can be selected in DESIGN_INFO is if all I/O macros do 
not contain an “L” In their name. Any other scenario would re¬ 
quire that “I/O Type mixed" be selected in DESIGN_INFO. 

The final selection to make is whether or not to tie the core 
power rail to either of the output rails, if outputs exist in the 
design that operate at the same voltage as the core. 

For example, if H4CP5 is the technology selected, and all 
3.3-volt I/O Is indicated, then the question to answer re¬ 
garding the tying of the core to the output rail would dis¬ 
appear, since all the I/O are at a different potential than the 
core. 

There is one exception to designer-controlled bus tying se¬ 
lection. If all 3.3-volt or 5-volt I/O is selected, then by default 
the two output power buses OVDD3 and OVDD5 will be tied. 
There are several reasons for this. First, dedicated power 
pins to the unused power rail can now be used to provide 
power to the utilized power rail. Second, this prevents a 
floating metal ring around the array from building up excess 
charge. Finally, the added bus capacitance and reduced pin 
inductance are advantageous for improving the SSO envi¬ 
ronment. 

Valid DESIGN_INFO selections are verified by ERC. 
Running ERC early on, and frequently as the I/O portion of the 
design is implemented, prevents time consuming corrections 
that may not otherwise be found until the final stages of ASIC 
development. 
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Figure 11 Example of a 5 V Core with 3.3 V I/O and 
OVDD3 & OVDD5 Tied 


1.5 Propagation Delay Adjustments 

When simulating with timing, propagation delay adjust¬ 
ments can be applied to macros powered by 3 volts indepen¬ 
dently of macros powered by 5 volts. The DESIGN_INFO tool 
has entries for a designer to select best-, typical-, and worst- 
case voltages for the 5-volt rail and for the 3-volt rail indepen¬ 
dently. The associated delay adjustments would then be ap¬ 
plied to macros powered by the given rail. 

For example, a design with a 5-volt core may have all 3-volt 
I/Os, but it Is desired to run the I/Os at 3.0 rather than at 3.3 
volts. Simply modify the values in DESIGNJNFO to be 3.0±.3 
volts, and leave the 5-volt rail at 5 volts. The appropriate delay 
adjustments will then be applied to the 3-volt I/Os, indepen¬ 
dently from the adjustments made to the macros powered by 
the 5-volt supply. 

There are limits to the range of voltage adjustments pos¬ 
sible. If the H4CP3 technology Is selected, and the designer 
requests the design’s core power supply to be 4.5 volts, then 
an error will occur, since If this Is the true operating voltage, 
then a switch to the H4CP5 technology should be considered. 
H4CP5 has been characterized at 5.0 volts, and provides 
more accurate timing being scaled to 4.5 volts, rather than 
scaling 3.3-volt data to 4.5 volts, which exceeds the range of 
the scaling equations. 

Although ranges typically selected for the 3-volt supply will 
be from 2.7 volts (worst-case) to 3.6 volts (best-case), 
DESIGN_INFO will allow selections up to 4.0 volts to be 
made. Similarly for the 5-volt supply, typical selections will be 
from 4.5 volts (worst-case) to 5.5 volts (best-case), but selec¬ 
tions down to 4.0 volts are allowed. Selections outside these 
ranges will cause fatal errors when DECAL [1] attempts to 
apply voltage adjustments that don’t exist. 

The designation for the two supplies in DESIGNJNFO is 
VDD for the core and output power rail(s), if supplied by the 
same voltage, and VDD2 for the alternate output power rail. 
So, If ‘Technology H4CP3” Is selected, then the default range 
for VDD will be from 3.0 to 3.6 volts, and from 4.5 to 5.5 volts 
for VDD2. If ‘Technology H4CP5” is selected, then the default 


range for VDD will be from 4.5 to 5.5 volts, and from 3.0 to 3.6 
volts for VDD2. If the “I/O Type” and Technology’’ selections 
are for the same voltage, the VDD2 will be removed, and only 
the VDD entry will remain, since at that point it Is known that 
the core and both output power rails will be operating at the 
same potential. 

1.6 Pull-ups and Pull-downs 

Pull-downs always tie to the output ground rail OVSS. The 
pull-ups, however, always tie to the core VDD rail. There are 
two scenarios which present potential design concerns. 

The first scenario Is for designs which have a 3-volt core 
and 5-volt inputs. The consequence Is having the 5-volt input 
to 3-volt core potential difference across the pull-up resistor. 
This Is not a serious problem, since the current through the 
pull-up will be small, with the difference of the 5-volt signal to 
the 3-volt core across a large resistance. 

The second scenario is where bidirectional buses are em¬ 
ployed that have 5-volt swings and have pull-ups to the 3-volt 
core. When the bus Is tri-stated, the steady state would be 3 
volts, and not 5 volts unless pulled to 5 volts through some ex¬ 
ternal termination. 

The suggested approach for these two scenarios is to use 
pulf-downs if some type of pull resistor is absolutely nec¬ 
essary. Pull-ups can be used if the consequences mentioned 
above are understood, and can be tolerated by a given 
design. Simulation does not differentiate between pull-ups to 
3 and 5 volts, and ERG will not flag these as errors or 
warnings, since neither scenario is destructive. 

1.7 SSO and Power Requirement Rules 

This section addresses the electrical restrictions to con¬ 
sider when implementing the I/O portion of a design. These 
considerations can be broken down Into two distinct areas: 
AC analysis or Simultaneously Switching Outputs (SSO), and 
DC power requirements. 

1.7.1 SSO Analysis 

Every output, whether It be 3- or 5-volt, has a drive param¬ 
eter for it. ERC uses the parameter in conjunction with the 
package chosen, to do a detailed SSO analysis of a design, 
and flag problem areas as errors. A more comprehensive 
explanation of this analysis is covered in Chapter 3 of the 
“H4CPIUS Series Design Reference Guide” [2]. 

It is this analysis by ERC that offers designers tremendous 
flexibility when Implementing mixed I/O designs. Although 
one needs to be cognizant of I/O partitioning and placement 
of power and ground based on the discussion of SSOs In the 
“H4CPIUS Series Design Reference Guide” [2], there are no 
special restrictions regarding isolation of 3- and 5-volt I/Os, 
and no ground pad separation requirements. In the event an 
oversight is made, ERC will inform the designer where the 
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violation has occurred so corrections can be made early on 
in the design cycle. 

There Is one consideration to keep In mind when imple¬ 
menting the I/O portion of a design. ERG will do either a 
CMOS or TTL SSO analysis for each of the SSO segments 
based on the macros found In the SSO segment. An SSO 
segment is defined as the group of I/Os found between two 
output power or ground macros. This means there are two 
distinct SSO segments for ERG to analyze for each output 
macro. One for the output power rail (OVDD5 or OVDD3) It 
uses, and one for the output ground rail OVSS. The individ¬ 
ual analysis is necessary since the SSO noise sensitivity to 
the different technologies (e.g., CMOS and TTL for 3 and 5 
volts) Is different. 

The first step In doing SSO analysis is determining whether 
a SSO segment is TTL or CMOS. If for a given SSO segment 
an OUTPUT_THRESHOLD of TTL is found on an output, any 
3-volt outputs are found, or a TTL or 3-volt input are found 
within the segment, then TTL analysis will be done. Other¬ 
wise, CMOS analysis will be applied. 

For example, say a design has an SSO segment with an 
OVDD5 and an OVSS pad on each end. If seven of them 
drive CMOS loads, and one drives a TTL load (determined 
by the value of the OUTPUT_threshold property), then 
TTL SSO analysis will be applied to that segment, even 
though seven of the loads drive CMOS levels. In this case 
the SSO noise seen at the TTL output would be the first to 
fail, and would be the weakest link in that SSO segment. The 
same argument can be applied if one of the macros In this 
predominantly CMOS segment were a 3-volt or TTL input. 

The point of this discussion Is to communicate the flexibility 
available for creating mixed-voltage I/O designs in the 
H4CPIUS technology, but at the same time pointing out the 
consequences of design choices, so intended design objec¬ 
tives can be achieved. 

1.7.2 DC Power Requirements 

There are two basic DC power requirements to meet: IR 
loss and current density. The rule used for IR loss is the 25 
I/O site rule, which states that a macro cannot be more than 
25 I/O sites from the power site it is drawing Its power from. 
This applies only to the output power rails, since the core- 
powered inputs always power CMOS loads, which don’t 
require a steady state current source like an output may 
potentially need. The same rule is used for both 3- and 5-volt 
outputs, since the IR loss for the 25 I/O sites has enough 
margin to satisfy both and is not believed to be overly restric¬ 
tive in either case. 

The current density rule is 64mA per power/ground pin. 
ERC simply performs a current requirement calculation, 
divides out the number of powers and grounds available, and 
determines If there is enough or not. Once again, 3- and 5- 
volt outputs are given the same treatment. Whether an 8mA 


output Is 3 or 5 volts. It Is still designed to drive 8mA, there¬ 
fore 8mA would be used by ERC during its analysis. 

1.8 Testing 

Option testing will be done at both 3.3 and 5.0 volts for de¬ 
signs which use both voltages. With two power rails, testing 
at the simulated voltages is necessary to make sure that the 
part functions properly at the voltages for which it was in¬ 
tended. Two other points to mention are power cycling of 
mixed-voltage designs and IDD testing. 

1.8.1 Power Cycling 

During test and In its application, the 5-volt power should 
be applied to the option before the 3-volt power, and similarly 
the 3-volt power should be removed before the 5-volt power. 
This will prevent parasitic devices from experiencing tran¬ 
sients greater than their supply voltage. 

1.8.2 Enable IDD (ENID) Pin 

H4CPIUS offers the ability to do IDD testing without having 
to put special test vector requirements on designers via the 
addition of the ENID pin. All H4CPIus designs are required to 
designate one pin for ENID by instantiating the symbol and 
defining the I0_PIN1 property to the desired pin. When 
ENID is high ail pull-up and pull-down resistors, and current 
sources in differential receivers are disabled, which enables 
accurate IDD testing independent of the state of the test vec¬ 
tor. ENID has an Internal pull-down to allow a design to func¬ 
tion without tying It to ground. However tying ENID to ground 
in the system is still advised. 

2. SUMMARY 

This application note should give a designer having pre¬ 
vious OACS experience the Information necessary to expedi¬ 
tiously create 3- and/or 5-volt designs using the H4CPIus 
technology. 
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1. Introduction 

This application note describes the implementation and 
use of an analog phase-locked loop, or APLL, which is avail¬ 
able on two families of CMOS gate arrays offered by Motoro¬ 
la: the H4CPIUS Series arrays and the M5C Series arrays. 

Section 2 describes the various versions of the APLL 
which are offered as different library macros. This section 
also contains APLL performance data and signal descrip¬ 
tions, and shows the physical placement of the APLL on 
H4CPIUS and M5C arrays. 

Section 3 describes how the APLL Verilog simulation 
model works and how it Is used for “system-mode” simula¬ 
tions (as opposed to “option release” simulations). 

Section 4 describes Motorola’s strategy for testing 
H4CPIUS and M5C arrays that contain an APLL. A Motorola- 
internal test program is used to test the APLL itself, while 
user-supplied option release test vectors are used to test the 
remainder of the chip. 

The Appendix shows a schematic of the test circuitry built 
into the APLL as well as a table of the various operating 
modes of this circuitry, which is controlled by the Motorola-in¬ 
ternal test program. 

2. Feature Description 

Appendix D and Appendix E contain a comprehensive dis¬ 
cussion and analysis of the use of Motorola’s digital PLL 
(DPLL) to speed-up chip-to-chip data transfer by cancelling 
out on-chip clock network Insertion delay. This analysis also 
applies to an analog PLL (APLL), which can be used for the 
same purpose. 

Compared to the DPLL, the APLL can run faster, and has 
less in-lock phase error. The APLL also provides on-chip fre¬ 
quency synthesis, which allows a slower/quieter backplane 
clock frequency to be multiplied up to the desired on-chip 
clock frequency. The DPLL Is not offered in H4CPIus or M5C 
Series Arrays. 

The following table lists the APLL macros available in 
H4CPIUS and M5C arrays. 


Tablet APLL Macros 


Macro 

Technology 

Analog 

Power 

FREF 
Input Type 

N,Loop 
Divider 

API 

H4CPIUS 

5V 

CMOS 

1 -4 

APD1 

H4CPIUS 

5V 

PECL 

1-4 

AP2 

H4CPIUS 

5V 

CMOS 

5-16 

APD2 

H4CPIUS 

5V 

PECL 

5-16 

APL1 

H4CPIUS 

3.3 V 

CMOS 

1 -4 

APDL1 

H4CPIUS 

3.3 V 

PECL 

1 -4 

APL2 

H4CPIUS 

3.3 V 

CMOS 

5-16 

APDL2 

H4CPIUS 

3.3 V 

PECL 

5-16 

APL1 

M5C 

3.3 V 

CMOS 

1 -16 

APDL1 

M5C 

3.3 V 

PECL 

1 -16 


PECL is defined as positive- or pseudo-ECL. Table 2 sum¬ 
marizes the performance of the H4CPIus and M5C APLL 
macros. The “Output Frequency Range” is the //near range of 
the VCO; Its full range extends somewhat further. “Max elk 
tree delay” is the maximum delay that the APLL can handle in 
its feedback loop before going unstable. 

Note 1: All of the performance numbers in Table 2 are 
preliminary! The guaranteed values for these parameters 
are in the respective H4CPIus and M5C Design Reference 
Manuals. 

Note 2: On H4CPIus arrays which may use both 3.3V 
and 5V power, the APLL I/O must be powered by the 
same voltage level as the array core. 

All H4CPIUS and M5C Series APLL’s require the following 
six pins (see Figure 1): 

• AVDD: analog power 

• AVSS: analog ground 

• FREF: reference frequency Input pin (also used by 
tester to clock the core logic) 

• TESTSEL: configures the APLL for tester measure¬ 
ments 

• TESTOUT: divided-down APLL output frequency for 
tester 

• VCOCTL: for measuring VCO control voltage and 
charge pump current 

TESTOUT, TESTSEL and VCOCTL are dedicated test 
pins which must be grounded during normal system opera¬ 
tion. An additional input pin, FREFB, is required if the refer¬ 
ence frequency is a PECL differential clock (see Figure 2). 
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Each APLL also has the following five signals which interface 
to the array core: 

• FREF_CORE: output of FREF pin input buffer; drives 
FREF_MUX directly, or through a PLLDELAY macro 
to cancel phase error due to a core divider (see Sec¬ 
tion 3.1) 

• FREF_MUX: phase detector reference frequency 
input 

• FVCO: VCO output frequency 

• FVCO_DIV2: FVCO frequency divided by 2 

• FFB: phase detector feedback frequency Input 

Referring to Figure 1 and Figure 2, for each type of APLL 
(CMOS-input and PECL-Input), a buffer (buffer B) compara¬ 
ble to the FREF input buffer is included at the FFB feedback 
Input to the phase detector in order to prevent the FREF input 
buffer's prop delay from adding to the phase error between 
the FREF pin and the clock tree. In addition, the PLLDELAY 
macro can be placed in the array core between the APLL’s 
FREF_CORE output and FREF_MUX input in order to pre¬ 
vent a core divider’s prop delay from adding to the phase error 
between the FREF pin and the clock tree (see Section 3.1). 
No external components are required for filtering of the VCO 
control voltage.Up to two APLL’s can be used on an H4CPIus 
array, in the lower left and upper right corners where they are 
isolated from digital pwr/gnd/signal interconnects to minimize 
coupling of digital noise Into the APLL. If only one APLL is 
used on an array, the APLL must reside In the lower left cor¬ 
ner. 

On M5C Series arrays, up to three APLL’s can be used. 
If only one APLL is used It must reside in the upper left corner. 
If two APLL’s are used, they must reside in the upper left and 
upper right corners. If three APLL’s are used, the only restric¬ 
tion Is that there is no APLL in the lower left corner. 


As shown in Figure 3, an APLL macro covers the corner 
and also four adjacent I/O sites (five I/O sites If FREF is a 
PECL Input - see Figure 4). Accordingly, the pad locations 
are fixed for the APLL I/O signals. The Manufacturing Rules 
Verification (MARV) program contained In Motorola’s 
OACS™ system checks that the designer has made correct 
pin assignments for the APLL I/O. ERG also checks compli¬ 
ance with the APLL placement restrictions described In the 
previous two paragraphs. 


Table 2 APLL Performance* 



H4CPIUS 

MSG 


3.3 V 

5V 

Output Frequency Range 

FVCO (MHz) 

60-160 

70 - 250 

100 - 300 

FVCO_DIV2 (MHz) 

30-80 

35 -125 

50-150 

Output Duty Cycle 

FVCO 

25% - 75% 

25% - 75% 

25% - 75% 

FVCO_DIV2 

50% 

50% 

50% 

Loop Divider Value, N 

APxxl macros 

1-4 

1 -4 

1-16 

APxx2 macros 

5-16 

5-16 


Reference Frequency 
Range (MHz) 

Normal use: 

APxxl macros 

15-160 

17.5-250 

6.25 - 300 

APxx2 macros 

3.8-32 

4.4 - 50 


On tester (N=8) all macros 

7.5 - 20 

8.75-31.2 

12.5-37.5 

Phase Error 

CMOS Singe-Ended Inputs 

50ps 

50ps 

50ps 

PECL Differential Inputs 

200ps 

200ps 

200ps 

Jitter 

200ps 

200ps 

200ps 

Max. Clock Tree Delay 

25ns 

20ns 

20ns 

(Worst-Case) 

Max. Lock-Acquisition 
Time 

lOps 

lOps 

lOps 


* All specs are preliminary. 
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3. APLL Modelling for Simulation 
3.1 Overview 

Figure 5 is a generic block diagram showing dock distribu¬ 
tion using an APLL. Either or both of the divide-by-L and di- 
vide-by-M may be used. If used, they reside in the array core. 
The phase detector reference frequency iFREF is actually an 
internal signal in the APLL. As shown in Figure 1 and Figure 
2, iFREF drives directly into the phase detector and is de¬ 
layed from the APLL’s FREF_MUX input port by a mux prop 
delay. Similarly, iFFB is actually an APLL Internal signal 
which connects directly to the phase detector and is delayed 
from the APLL’s FFB Input port by the prop delay through a 
buffer and a mux. These mux and buffer delays are such that 
when the APLL has phase-locked iFFB to iFREF, then the 
FREF pin will be phase-locked to the clock tree output, which 
is the ultimate objective. A special PLLDELAY macro can be 
used to cancel phase error between the clock tree and FREF 
which is caused by the divIde-by-M. The PLLDELAY macro 
has the same delay as the CK->Q of a resettable flip-flop, 
therefore if a divide-by-M is used it should be designed using 
resettable flip-flops. 

Note: Use of another divider in piace of the PLLDELAY 
macro is not supported. The Motorola-internai vectors 
used to test the APLL in siiicon require that the frequen¬ 
cy at iFREF be the same as the frequency at the FREF pin. 
See Section 4 for details of the test strategy for APLL ar¬ 
rays. 

The feedback loop between the VCO and phase detector 
resides in the array core, external to the APLL, and contains 
the clock tree and possibly a frequency divider, which will be 
referred to as the core divider. If a core divider exists It typi¬ 
cally would follow the clock tree as does the divIde-by-M. 
However the core divider could also precede the clock tree, 
as does the divIde-by-L, if the clock tree is to be driven by a 
frequency lower than the minimum possible FVCO_DIV2 
from the APLL. A third possibility is that the core divider is 
composed of both the divIde-by-L and dIvIde-by-M. 



In addition to generating the VCO frequency FVCO, the 
APLL contains a dlvide-by-2 to generate FVCO_DIV2, which 
has a 50% duty cycle. FVCO_DIV2 typically is the signal 
used to drive the clock tree, where FVCO is available for fast¬ 
er clocking of a small, localized block of logic.Therefore, 
throughout this document it Is assumed that the clock tree is 
driven by FVCO_DIV2 rather than FVCO. In this case, FVCO 
gets divided by 2 (within the APLL itself) and then divided 


A 


again by the core divider, if one exists, before arriving at the 
phase detector feedback input FFB. The product of these two 
divider values equals the loop divider value “N.” The APLL 
model measures the reference frequency iFREF and the loop 
divider value N and generates VCO frequency required for 
phase-lock, FVCO = N x IFREF. The phase of FVCO_DIV2 
compensates for the clock tree plus core divider delay In the 
core feedback loop such that the output of the clock tree is in 
phase with the board reference clock at the FREF pin. 

In its default mode, the model acquires phase-lock ap¬ 
proximately 20 cycles after the start of IFREF (or after reset of 
the core divider eliminates its ‘X’ state at simulation startup). 
However, if the user prefers, the model can also be set-up to 
emulate the actual time required by the APLL to achieve 
phase-lock in the real-world. During this “acquisition delay" 
the model puts out a constant (but not phase-locked) VCO 
frequency, which will change abruptly to the phase-locked fre¬ 
quency FVCO = N x IFREF after 10us has expired. Other 
than accurate acquisition delay, this behavior does not model 
the true transient response of the APLL. However, what Is Im¬ 
portant is accurate modeling of the APLL’s steady-state per¬ 
formance after phase-lock has been achieved. 

The model generates FVCO and FVCO_DIV2 such that af¬ 
ter phase-lock Is achieved the clock signal fed back to the 
phase detector, IFFB, has the specified worst-case phase er¬ 
ror relative to the phase detector reference clock, IFREF. The 
user can select this steady-state phase error to be leading, 
lagging, or randomly jittering between the two as described In 
Section 3.6. The model also does a variety of checks for such 
things as loss of phase-lock, the FVCO frequency required is 
out of range, etc. 

The Verllog model emulates the APLL only during system 
simulations and not during option release simulations, which 
generate test vectors used for testing of parts. The reason is 
that the APLL is inactive during tester application of option re¬ 
lease test vectors, which verify all circuitry except for the 
APLL. Consequently, during option release simulations the 
clock applied at the APLL’s FREF pin will bypass the APLL 
and drive the core directly. For information on how to control 
the APLL during option release simulations, as well as infor¬ 
mation on how the APLL is verified on the tester, see Section 
4, “Test Strategy for APLL Arrays.” 

3.2 Initialization/Reset of Dividers 

When an APLL array Is on a board in a system, it is un¬ 
necessary to reset the two dividers in Figure 5. However, dur¬ 
ing system-mode simulation these dividers must be initialized 
to a known state before the FREF and FVCO clocks can prop¬ 
agate to phase detector inputs IFREF and IFFB, respectively. 
Unfortunately, prior to phase-lock, FVCO and FVCO_DIV2 
have no fixed timing relationship with respect to the chip’s in¬ 
put pins. Consequently, trying to do a synchronous hardware 
initiallzation/reset of the core divider may be difficult to do 
without generating timing violations, such as a reset recovery 
time violation. A more practical approach during system¬ 
mode simulations (but not option release simulations) would 
be to use the Verilog “force” and “release” commands to ini¬ 
tialize the states of the flip-flops in the core divider. This can 
be done by “forcing” the D inputs of the divider flops to known 
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states until FVCO starts, at which time these states will get 
clocked Into the flops. When “release” occurs the flops are re¬ 
leased to function normally. “Release” can occur at any time 
with respect to the arrival of clock edges at the core divider 
without causing the divider state to go unknown. 

Alternatively, an asynchronous set/reset of the dividers 
can be done via chip logic or a pin at simulation start-up, be¬ 
fore the iFREF clock starts toggling, since the model will not 
generate an FVCO clock until IFREF starts to toggle. In this 
way an asynchronous set or reset of all dividers can be done 
without generating timing violations. 

Note: The reset signal for these dividers cannot be 
shared with any circuitry that must be reset after phase- 
lock is acquired, since resetting the APLL’s dividers 
would cause the APLL to lose phase-lock. 

Artificial initialization of the core dividers using “force” and 
“release" can be used for system-mode simulations but not 
for option release simulations, where simulation output states 
must match chip output states on the tester. By driving the 
clock tree, the divide-by-L in Figure 5 affects chip output 
states. Therefore during option reiease simuiations the di¬ 
vide-by-L must be initialized/reset via chip logic or a pin, and 
not by using “force” and “release.” The same is true of the di- 
vide-by-M if it is made obsen/able at an output pin in order to 
test It. If the dIvIde-by-M drives only FFB then it affects no 
output pin during option release simulations and is therefore 
not testable (since the APLL is inactive). In this case it need 
not be Initialized. The divide-by-M still needs to be initialized/ 
reset during system-mode simulations, however. 

3.3 Acquisition Mode 

The APLL model starts in acquisition mode at simulation 
start-up. It measures the frequency of the phase detector ref¬ 
erence clock, IFREF, as well as the loop divide-by-N In order 
to calculate the required VCO lock frequency FVCO = IFREF 
X N. The model starts generating an FVCO clock which has 
an arbitrary phase relationship to IFREF. The resulting feed¬ 
back clock at the phase detector, iFFB, has an initial phase 
error with respect to IFREF. The model measures this phase 
error and corrects the phase of FVCO such that iFFB will be 
in phase with IFREF, producing phase-lock. 

At the start of simulation the model waits for a clock signal 
to appear at IFREF, and then measures the period of iFREF 
by keeping track of the time between successive IFREF rising 
edges. The model now starts generating FVCO and 
FVCO_DIV2, where FVCO Is the center frequency of the 
VCO. While the VCO free-runs, the model waits until the 
state at IFFB is no longer 'X,' Indicating that the core divider 
has been initialized to a known state as described previously. 
The model then waits until a 0->1 rising edge occurs at IFFB 
(as opposed to an X->1 rising edge), indicating that the core 
divider has been released to function normally after having 
been initialized/reset. 

When the second IFFB rising edge occurs the model mea¬ 
sures the frequency at iFFB and calculates the loop divider 
ratio 'N', where N = FVCO frequency/(iFFB frequency). If N is 
not within the specified range for the APLL macro used (see 
Section 2), the model stops the simulation after printing a 
message to the effect that the user must modify the loop di¬ 


vider circuitry such that N does lie within the specified range. 
If N is within the specified range but IFREF x N = FVCO Is not 
within the specified frequency range for the VCO, the user 
must modify FREF and/or N such that FVCO does lie within 
the VCO’s range. To modify N, circuitry In the array core must 
be changed; however, FREF can be modified Interactively 
during Verilog simulation as described in Section 3.6. If iF¬ 
REF X N = FVCO Is, In fact, out of the VCO’s range the model 
will now return to the start of the acquisition mode. Otherwise 
operation proceeds as follows. 

Once a “legal” loop divider ratio N has been determined, 
the following information is printed to the screen: 

- Loop divider value, N 

- Phase detector reference frequency, iFREF 

- VCO frequency, FVCO 

- VCO/2 frequency, FVCO_DIV2 

- Duration of FVCO high and low pulses (FVCO duty 
cycle, effectively) 

Then a series of pulses is generated at FVCO for use In 
measuring the propagation delay through the feedback loop, 
which is equal to the sum of the clock tree propagation delay 
and loop divider propagation delay. 

This is done In order to verify that the loop delay is not so 
large as to cause the APLL to go unstable and never acquire 
phase-lock. After generating an FVCO pulse the model waits 
long enough to see if the FVCO pulse causes a rising edge at 
IFFB. It will take anywhere from 1 to N FVCO pulses to gen¬ 
erate a rising edge at iFFB, depending on the initial state of 
the loop divider. When a rising edge does occur at iFFB, the 
loop delay Is measured as the time delay between the rising 
edge at IFFB and the last FVCO rising edge. If the loop delay 
is larger than the specified limit, the model prints a message 
to that effect and stops the simulation to allow the clock tree 
or loop divider to be re-designed. Otherwise the model will 
now begin its 10us acquisition delay, as described In Section 
3.1. At the end of this delay, the VCO stops long enough for 
the clock tree to empty of all pulses generated by the free-run¬ 
ning VCO during the acquisition delay. (If the APLL was not 
set-up to emulate the real-world acquisition delay, the model 
will skip down to this point if the feedback loop delay mea¬ 
sured was within spec.) The APLL model now waits for the 
next rising edge of IFREF to start generating N cycles of the 
VCO lock frequency FVCO = IFREF x N. N cycles of FVCO 
span a complete cycle of IFREF, and the last of these N 
FVCO cycles should produce the next rising edge at IFFB 
(due to the state in which the loop divider was left after the 
loop delay was measured). The rising edge of the first of 
these N FVCO cycles is delayed from the IFREF rising edge 
by the ‘VCO_offset” such that the resultant iFFB rising edge 
is aligned with a subsequent IFREF rising edge (within the 
APLL’s specified phase error), producing phase-lock. The 
model calculates the VCO_offset using the previously mea¬ 
sured feedback loop delay. 

If the FVCO pulse does not produce a rising edge at 
iFFB, something's probably wrong with the core divider; for 
example, it may have been disabled or reset. In this case, the 
APLL will print an error message to that effect and then restart 
its acquisition routine to try again to acquire phase-lock. If, on 
the other hand, phase-lock has indeed been acquired, the fol- 
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lowing information is printed to the screen: 

- Time at which phase-lock was acquired. 

- APLL steady state phase error at iFFB with 
respect to iFREF. 

Now the APLL model goes into tracking mode. 

3.4 Tracking Mode 

Whenever a rising edge occurs on iFREF, the model mea¬ 
sures the time difference between this edge and the associ¬ 
ated rising edge on iFFB. If this “phase error” Is less than the 
specified worst-case phase error of the APLL, then the APLL 
is still in lock. In this case the model will generate the next N 
FVCO cycles in the manner described previously in Section 
3.3, in order to produce the next rising edge on IFFB. How¬ 
ever if the phase error between IFREF and iFFB Is greater 
than the specified worst-case phase error of the APLL, lock 
has been lost. In this case the model prints a “loss-of-lock” 
message which includes the simulation time at which lock 
was lost. The model waits long enough for the clock tree to 
empty of all ‘pipelined' FVCO pulses, and then returns to ac¬ 
quisition mode to try to re-acquire phase-lock. 

3.5 Initialization of APLL Simulation Parameters 

For best accuracy, Verilog simulations Involving APLL’s in 
system mode should be done with the following timescale set¬ 
ting: 'timescale Ins/lps 

Therefore the timescale statement In the asic_verilog “ver- 
ilog.control’ file should be changed to 1ps resolution, as 
shown above. For option-release simulations, the timescale 
can be left at the default value of 10ps. 

In addition, there are four user-settable parameters 
whose range of values are hard-coded Inside the APLL Ver¬ 
ilog model because they cannot be specified in the Standard 
Delay Format (SDF) verilog.timing file output by DECAL. 
These parameters are: 

• Jitter - determines whether IFFB will always lead, 
always lag, or randomly jitter between leading and 
lagging with respect to IFREF. The amount of lead or 
lag is always equal to the APLUs maximum steady- 
state phase error. Valid values for jitter are “lead”, 
“lag” or “random”. The default value is “random”. 

• use_silicon_delay- determines whether the model 
will emulate the real-world APLL acquisition delay 
(described in Section 3.1). Valid values for 
use_silicon_delay are “yes” or “no”. The default value 
is “no”. 

• vco_duty_cycle -- determines the duty-cycle of the 
FVCO output for this simulation. Valid values for 
vco_duty_cycle are “min”, “typ” or “max”. The default 
value is “min”. 

® ptv- determines whether the best-, typical-, or 
worst-case process/temperature/voltage (PTV) 
value is to be used for the maximum feedback loop 
delay. Valid values for ptv are “bst”, “typ” or “wst”. 
The^efault value is “wst”. 


These four parameters are used only during system-mode 
simulations. They are not used during option release simula¬ 
tions, during which the FREF input clock bypasses the APLL 
and drives the clock tree directly. (See Section 4 for details 
regarding option release simulations.) 

In a non-Interactive simulation, the value used for maxi¬ 
mum feedback loop delay \s determined by one of the follow¬ 
ing Verilog command line “plus arguments”: +mindelays, 
+typdelays or +maxdelays. Therefore If the OACS tool 
asic_verilog is used, the maximum feedback loop delay value 
will be chosen automatically according to the PTV conditions 
selected for the array; the ptv parameter is Ignored. However 
in an interactive simulation, the maximum feedback loop de¬ 
lay value is determined by assigning the ptv parameter a val¬ 
ue of “bst”, "typ” or “wst”. In this case the designer must set 
the ptv parameter value to match the PTV conditions chosen 
for the array. Otherwise the value for maximum feedback 
loop delay may be for a different PTV condition than that used 
for the rest of the array. 

The FVCO_DIV2 output has a 50% duty cycle, but the 
FVCO duty cycle can vary over a wide range. Therefore In 
designs which make use of the APLL’s FVCO output, system¬ 
mode simulations should be done at the following four sets of 
conditions: 

I) PTV = best-case, vco_duty_cycle = "min" 
ii) PTV = best-case, vco_duty_cycle = "max" 

Hi) PTV = worst-case, vco_duty_cycle = "min" 
iv) PTV = worst-case, vco_duty_cycle = "max" 

Because of the way that the APLL model generates “ran¬ 
dom” jitter, it is possible that the model will falsely swallow 
low-going FVCO pulses when vco_duty_cycle = “max”. If the 
FVCO is operating at the upper end of its frequency range. 
These two conditions, coupled with random jitter, can com¬ 
bine to make the low-going FVCO pulses narrow enough that 
they get swallowed by the FVCO output buffer within the 
APLL model. In such cases, If FVCO Is used In the design 
then the y/tter parameter must be restricted to values of “lead” 
or “lag”. 

The user can assign a value to a particular parameter by 
putting a ‘defparam’ statement in the HDL stimulus file, such 
as: 

defparam stim.celll.\TC_TOP/APLL.448P_4 
.core_apll.ptv = "wst"; 

The pathname Is taken from a real design named 
“TC_TOP.” “stim” is the name of the module which applies 
stimulus to ‘TC_TOP”, “celH” is the name of the Instantiation 
of ‘TC_TOP” within module “stim”, ‘UC_TOP/APLL.448P_4” 
is the instance name generated by the OACS NETLIST tool 
for the APLL macro used in ‘TC_TOP”, and core_apll Is the 
sub-module within the APLL Verilog model in which the ptv, 
jitter, vco_duty_cycle, and use_s/7/conLcfe/ay parameters are 
defined. Note that in this particular design a space is required 
after the APLL instance name because Its first character is a 
backslash. Similar statements can be used to assign values 
to the jitter, vco_duty_cycle and use_silicon_delay parame¬ 
ters, for example; 
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defparam stim.celll.\TC_TOP/APLL.448P_4 
.core_apll.jitter = "lead"; 

defparam stim.celll.\TC_TOP/APLL.448P_4 
.core apll.vco_duty_cycle="max*; 

defparam stim.celll.\TC_TOP/APLL.448P_4 
.core apll.use_silicon_delay="yes*; 

Alternatively, these four parameters can be changed “on 
the fly” within an interactive Verilog run if the designer wishes 
to re-simulate without having to re-complle. If such a re-sim¬ 
ulation is to be at a different PTV, the pfv parameter must be 
changed accordingly. The following Interactive Verilog com¬ 
mands show how to change these parameters prior to a re¬ 
simulation (“>” represents the Verilog prompt in interactive 
mode): 

> $reset; 

> $scope{stim.celll.\TC_TOP/APLL.448P_4 
. core_apll) ; 

> ptv = "wst*; 

> jitter = "lead*; 

> vco_duty_cycle = "maix* ; 

> use_silicon_delay = "yes*; 

> . 

The designer may even want to change one of these three 
parameters prior to the first simulation after compilation. If so, 
a $stop command could be included at the start of the HDL 
stimulus to cause Verilog to stop at time zero and give a “>” 
prompt. At this time the designer can enter the same interac¬ 
tive Verilog commands shown above, although In this case 
the $reset command Is unnecessary. Alternatively, ‘def¬ 
param’ statements can be put in the HDL stimulus file, as de¬ 
scribed previously. 

This same method can be used to change FREF interac¬ 
tively if necessary. If the VCO frequency FVCO = IFREF x N 
Is out of the APLL’s range, the APLL model prints a message 
to the screen stating that IFREF and/or N must be changed. 
Referring to Figure 5, changing N 

(N = L X M) requires a circuit change. However if the de¬ 
signer chooses to change only FREF, he can do so by scop¬ 
ing into his HDL stimulus module and updating the FREF 
period parameter. 

3.6 Example Simulations of an APLL 

Figure 6 shows the Verilog graphical waveforms for an in¬ 
teractive system mode simulation using an APLL. Also shown 
is a portion of the transcript window containing messages 
printed out by the APLL model. For this simulation, the APLL 
model has been set-up to nol emulate the real-world acquisi¬ 
tion delay of the APLL. Note that the TSTSEL waveform, 
which corresponds to the TESTSEL Input on the APLL, is 
held low throughout the simulation. (For an option release 
simulation, TSTSEL = TESTSEL would be taken high after 
the first test cycle , and held high throughout the rest of the 
simulation. See Section 4.1, ‘Testing the Array Core”.) Re¬ 
ferring to Figure 5, at simulation start-up the APLL is config¬ 
ured with L = 1 and M = 2. 

In this example, the divide-by-M is reset by a RESETS sig¬ 
nal (top waveform in Figure 6) rather than by the “force” and 
“release” commands, which were previously described In 
Section 3.6. While the divide-by-M is held In reset iFFB re¬ 


mains low. 

Initially, FVCO and FVCO_DIV2 are unknown, as is FFB 
prior to reset of the loop divider. The loop divider consists of 
a dlvide-by-2 flip-flop in the array core along with the flip-flop 
internal to the APLL which divides FVCO down to 
FVCO_DIV2. When RESETS goes active the loop divider 
state becomes known, at which time the APLL model outputs 
a low on both FVCO and FVCO_DIV2. Now the the loop di¬ 
vider’s reset signal, RESETS, can return to its Inactive state, 
since there Is no longer an ‘x’ at the clock Input to the loop di¬ 
vider. Since FVCO and FVCO_DIV2 will start toggling as 
soon as FREF starts toggling, FREF is not started until after 
RESETS goes inactive In order to prevent reset recovery time 
violations in the loop divider (discussed in Section 3.2). 

The APLL model waits for the first two IFREF pulses in or¬ 
der to determine the frequency of IFREF and to start generat¬ 
ing FVCO_mid and FVCO_mid/2, where FVCO_mid Is the 
VCO center frequency. The model now waits for feedback 
pulses at IFFB. After the second iFFB rising edge, the model 
measures the IFFB frequency and calculates the loop divider 
value 

N = FVCO_max/(iFFB frequency). N is then used to calcu¬ 
late the In-lock VCO frequency: 

FVCO = IFREF X N. N, iFREF, FVCO, and FVCO_DIV2 
are printed to the screen, as well as the high and low pulse 
widths of FVCO (FVCO duty cycle, effectively). At this point 
the model stops generating FVCO long enough for the clock 
tree to empty of all pulses. After this pause the model starts 
generating Individual FVCO pulses and looking for a rising 
edge to result at iFFB. In this example it takes 3 FVCO puls¬ 
es to cause the next rising edge on iFFB, due to the initial 
state of the loop divider. These three pulses are followed by 
N additional FVCO pulses (N happens to be four In this case) 
to verify that N more FVCO pulses will cause another iFFB ris¬ 
ing edge at the expected time. At this point the model starts 
generating the in-lock frequency FVCO = N x IFREF, with the 
proper phase such that the next rising edge of IFFB will be 
phase-locked to IFREF. 

Figure 7 shows Verilog graphical waveforms and part of 
the transcript window for a non-interactIve system mode sim¬ 
ulation in which the APLL model has been set-up to emulate 
the real-world acquisition delay of the APLL. (Section 3.5 ex¬ 
plains how to do this.) For this example simulation, the acqui¬ 
sition delay was shortened In order to fit the waveforms on the 
page. At the end of the acquisition delay the model stops gen¬ 
erating the VCO center frequency at FVCO and waits long 
enough for the clock tree to empty of all pulses. After this 
pause the model starts generating the in-lock frequency 
FVCO = N X iFREF, with the proper phase such that the next 
rising edge of IFFB will be phase-locked to IFREF. 

Figure 8 shows Verilog graphical waveforms and part of 
the transcript window for the start of an option release simu¬ 
lation using an APLL. Note that the TSTSEL waveform, 
which corresponds to the TESTSEL input on the APLL, is tak¬ 
en high after the first test cycle and held high throughout the 
rest of the simulation. The FREF clock Is low at simulation 
start-up, and stays low until after TESTSEL goes high. Simi¬ 
larly RESETS, which resets the loop divider, is inactive (high) 
until after TESTSEL goes high. 
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#«###########««###########################««##«#«##«##«««##«««#««##«##««### 
########################################################################### 
### ««« 

### Parameter 'ptv' has been given a value of "wst' for APLL instance ### 
### stim.celll.APLLOACS22/APLL.27P_1.core_apll 

### Worst-case timing must also be used for the rest of the design. ### 

#«# #«« 

##################«#########«###########«######«##««##«###««««##«««##«««#«« 
««############«#####«################««#«##««»«##««««###«#«##«####«#«#«#««# 


Assigned values for user-settable parameters for APLL instance 
(stim.cel11.APLL0ACS2 2/APLL.27P_1.core^apll); 
vco_duty_cycle = '•max* 
jitter = "lag* 
use_silicon_delay = "no* 

######«###########«##«#################«#####«##«###«#####««###«#######«#«« 

t########################################*###################*############# 

To backannotate timing before simulation - 
type one of the following ; 

(If more than one is activated, last choice 
overrides the rest.) 

Type •ba_timing_wcs;* for worst case timing 
Type •ba_timing_typ;* for typical case timing 
Type •ba_timing_bcs;* for best case timing 


Else, type *.* (period) to simulate with 
unit timing. 

L84 •aplloacs22/design_data/verilog.control*: $stop at simulation time 0.00 ns 
Type ? for help 
Cl > ba_timing_wcs; 

C2 > . 

Back-annotating worst case timing ... 


Operating environment for APLL instance 

(stim.celll.APLLOACS22/APLL.27P_1.core_apll.acquire); 

N = 4 (Loop divider value) 

iFREF = 50 MHz (Phase detector reference frequency) 

FVCO = 200 MHz (VCO frequency) 

FVCO_DIV2 = 100 MHz (VCO/2 frequency) 

VCO_high = 3.75 ns (VCO high pulse width) 

VCO_low = 1.25 ns (VCO low pulse width) 

APLL instance (stim.cell1.APLLOACS22/APLL.27P_1.core_apll.track) 

ACQUIRED PHASE-LOCK at time 447.46 with phase error = 0.25 ns 

L97 •/home/cdcl/aplltc/tc_top/sub_blocks/aplloacs22/vectors/stimulus/hdl.stim*: 
$stop at simulation time 590.00 ns 
C2 > 


Figure 6 Example Verilog System-Mode Simulation of an APLL (acquisition delay excluded) 
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########################################################################### 

########################################################################### 


Assigned values for user-settable parameters for APLL instance 
(stim.celll.APLLOACS22/APLL,27P_1.core_apll): 
vco_duty_cycle = "min' 
jitter = "lead' 
use_silicon_delay = "yes' 

########################################################################### 

f########################################################################## 

Back-annotating worst case timing . 


*** SDF Annotator version 1.0.10 

*** SDF file: aplloacs22/timing/veritool.timing 

*** Back-annotation scope: stim 

*** Configuration file: /home/bassl/oacs2.x/oacs_apll_tools2.0/sdf.config 

**♦ SDF Annotator log file: aplloacs22/timing/reports/sdf.log 
*** MTM selection parameter specified: MAXIMUM 

*** SCALE FACTORS parameter specified: 1.000000:1.000000:1.000000 

*** SCALE TYPE parameter specified: FROM_MTM 

Parsing configuration file... 

Configuring for back-annotation... 

Reading SDF file and back-annotating timing data... 

*** SDF back-annotation successfully completed 

Operating environment for APLL instance 

(stim.celll.APLLOACS22/APLL.27P_1.core_apll.acquire): 

N = 4 (Loop divider value) 

iFREF = 50 MHz (Phase detector reference frequency) 

FVCO = 200 MHz (VCO frequency). 

FVCO_DIV2 =100 MHz (VCO/2 frequency) 

VCO_high = 1.25 ns (VCO high pulse width) 

VCO_low = 3.75 ns (VCO low pulse width) 

APLL instance (stim.celll.APLLOACS22/APLL.27P_1.core_apll.track) 

ACQUIRED PHASE-LOCK at time 824.46 with phase error = -0.25 ns 

L128 */home/cdcl/aplltc/tc_top/sub_blocks/aplloacs22/vectors/stimulus/hdl.stim': 

$stop at simulation time 900.00 ns 
Type ? for help 
Cl > 


Figure 7 Example Verilog System-Mode Simulation of an APLL (acquisition delay included) 









########################################################################### 

########################################################################### 


Assigned values for user-settable parameters for APLL instance 
(stim.cel11.APLL0ACS22/APLL.27P_1.core_apl1): 
vco_duty_cycle = "min* 
jitter = "random* 
use_silicon_delay = "no* 

########################################################################### 

########################################################################### 


Back-annotating worst case timing 


*** SDF Annotator version 1.0.10 

*** SDF file: aplloacs22/timing/veritool.timing 

*** Back-annotation scope: stim 

*** Configuration file: /home/bassl/oacs2.x/oacs_apll_tools2.O/Sdf.config 

*** SDF Annotator log file: aplloacs22/timing/reports/sdf.log 
*** MTM selection parameter specified: MAXIMUM 

*** SCALE FACTORS parameter specified: 1.000000:1.000000:1.000000 

*** SCALE TYPE parameter specified: FROM_MTM 

Parsing configuration file... 

Configuring for back-annotation... 

Reading SDF file and back-annotating timing data... 


*** SDF back-annotation successfully completed 

TESTSEL pin went high at time 24.30 ns 

for APLL instance ( stim.celll.APLLOACS22/APLL.27P_l.core_apll ) 

FREF will now bypass the APLL and appear at the FVCO output. 

(If APLL output ports FVCO_DIV2 and FVCO stay 'x', then 

TESTSEL was not held low long enough, unless port FREF_CORE is also 'x')- 

L96 "/home/cdcl/aplltc/tC_top/sub_blocks/aplloacs22/vectors/stimulus/hdl.stim*: 
$stop at simulation time 250.00 ns 
Type ? for help 
Cl > 


Figure 8 Example Verilog Option Release Simulation of an APLL 







4. Test Strategy for APLL Arrays 

4.1 Testing the Array Core 

On the tester, customer “option release” test vectors are 
used to test all of the array except the APLL, which is powered 
down during this time. Consequently the APLL is not used to 
clock the array core. The ASIC designer must use an external 
test clock to generate test vectors for option release, as is 
done for any non*APLL design. This external test clock is ap¬ 
plied at the FREF pin. 

At simulation start-up TESTSEL must be low, and must 
stay low for at least one test cycle. In order to initialize some 
flip-flops inside the APLL. During this time the model must 
output an ‘x’ on APLL outputs FVCO and FVCO_DIV2, since 
the VCO will be oscillating freely In silicon. To ensure that 
FVCO and FVCO_DIV2 remain Y while TESTSEL Is low, the 
following two conditions must be met: 

1. FREF should be low at simulation start-up, and should 
remain low at least until TESTSEL goes high. 

2. if there is a reset signal for the loop divider, this reset 
must be Inactive at simulation start-up, and must 
remain Inactive at least until TESTSEL goes high. This 
condition is required because as soon as a known logic 
state appears at iFFB, the model outputs a known (low) 
state at FVCO and FVCO_DIV2 to facilitate reset of the 
loop divider during system simulations. 

After TESTSEL goes high the APLL will be powered down, 
and the reference clock at the FREF pin will bypass the APLL 
and come out at the APLL’s FVCO port (see Figure 1 and Fig- 
ure 2). Similarly, FREF/2 comes out on the APLL’s 
FVCO_DIV2 port. Once TESTSEL goes high it must stay 
high throughout the rest of the option release simulation. 

4.2 Testing the APLL 

The APLL Is tested at Motorola by a canned test routine, 
during which the rest of the array does not toggle. This pro¬ 
cedure is used to eliminate coupling of digital switching noise 
into the APLL through AVDD and AVSS, which are tied to the 
core VDD and VSS on the tester in order to eliminate the need 
for special test hardware for APLL arrays. In a customer’s 
system, of course, AVDD and AVSS provide isolated power 
and ground for the APLL. 

The APLL contains a dlvide-by-4 which is driven by VCO/ 
2 In order to produce a frequency at the TESTOUT pin which 
is slow enough to be measured on a production tester. As 
shown In Table A.1 in the Appendix, the following tests are 
performed on the tester while in APLL test mode (TSTQ1 = 1): 
I) Allow the APLL to lock at its center frequency and 
measure the VCO/8 frequency at the TESTOUT pin, 
with the VCOCTL pin turned off. 
li) Allow the APLL to lock at its center frequency and 
measure the VCO/8 frequency at the TESTOUT pin, 
and the VCO control voltage at the VCOCTL pin. 
iii) Allow the APLL to lock at its center frequency and 


measure the VCO/8 frequency at the TESTOUT pin, 
and the charge pump current at the VCOCTL pin. 
iv) Measure the dynamic IDD of the APLL. (A CMOS 
Input APLL still will be In phase-lock from the previ¬ 
ous step. For a PECL Input APLL, the PECL Input 
will be turned off by ENID (“Enable IDD” pin, see 
OACS User/Reference Guide); therefore the 
dynamic IDD measurement will be made while the 
APLL is not phase-locked but Is free running at the 
minimum possible VCO frequency, since the phase 
detector reference frequency Input, iFREF, will not 
be toggling). 

On the tester, frequency measurement is effectively done 
by locating an edge on TESTOUT and then examining sever¬ 
al more cycles to see that subsequent edges occur within the 
expected window. CMOS-Input APLL’s will remain phase- 
locked when moving from test (i) to test (ii), and from test (ii) 
to test (ill), etc. However PECL-Input APLL’s will lose lock 
when moving from one test to another. As shown in Table 
A.1, toggling the ENID pin Is what causes the transition from 
one test to the next. However taking ENID high also powers- 
down the PECL Input buffer, at which time a PECL-input 
APLL will lose phase-lock. Therefore after ENID is taken 
back low to begin the next test, a PECL-input APLL must be 
given time to re-acquire phase-lock before measurements are 
taken. 

Tests i-iv are repeated at the APLL minimum and maxi¬ 
mum operaf/ng frequencies, which are the most extreme fre¬ 
quencies achievable within the linear range of the VCO 
transfer function. These frequency limits are given in Section 
2 . 

The VCOCTL pin is used to measure the VCO control 
voltage and charge pump current. These measurements can 
be related to the stability and bandwidth of the APLL. This pin 
should be tied to analog VSS in the customer’s system to pre¬ 
vent noise from being injected onto the VCO control voltage 
during normal system operation. 

During static IDD testing of the chip as a whole, which oc¬ 
curs during tester application of option release vectors, APLL 
bias currents are turned off under control of the ENID pin. 

The canned APLL vector set, which performs tests (i)-(iv) 
above, toggles the ENID pin, which has no simulation model. 
Therefore, the customer cannot simulate these canned vec¬ 
tors. 
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Appendix A; APLL Internal Test Circuitry 

Figure A.1 and Figure A.2 are more detailed versions of Figure 1 and Figure 2, respectively, showing the test control circuitry 
built into the APLL. Table A.1 shows how the TESTSEL and ENID signals are used to control this circuitry in order to move the 
APLL into each of Its operating modes. The top portion of Table A.1 shows how the Motorola-Internal APLL test program per¬ 
forms the tests described in Section 4.2. 


I Die Pad/F&ckageRn 



□ Test CortrolLo^c 


R.IDB.AY J vSS I Vq 


( Phase Charge_Loop 

Detectorl I Rrmp J Filter 


voo hrH /2 


FVCO_D(V2 
(to aKTFE^ 

FFB 

(from CLKTREE) 


Figure A.1 Analog PLL Schematic and Test Logic (CMOS Input) 


m Die Pad/Package Pin 
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Figure A.2 Analog PLL Schematic and Test Logic (PECL Input) 
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Table A.1 APLL Simulation and Test Mode Sequence 


Test 



Simulation and Test Modes 

TESTSEL 

ENID 

TSTQ1 

TSTQ2 

TSTQ3 


0 

0 

0 

0 

0 

Reset test flops. 


0 

1 

0 

0 

0 

(Set“up Test) 

« 

1 

1 

1 

0 

0 

(Set-up Test) 

1 

■■ 

mm 

■■ 

0 

0 

Measure frequency; VCOCTL pin 3>state. 

if 

1 

0 

1 

0 

0 

(Running Test) 

* le 

1 

1 

1 

1 

0 

(Set-up Next Test) 


1 

0 

1 

1 

0 

Measure frequency & VCO control voltage. 

II 

1 

0 

1 

1 

0 

(Running Test) 

It 

1 

1 

1 

0 

1 

(Set-up Next Test) 

zi 

1 

0 

1 

■■ 

1 

Measure frequency & charge pump current. 

i 

1 

0 

1 

0 

1 

(Running Test) 


1 

■■ 

1 

1 

1 

Measure dynamic IDD of APLL. 


1 

1 

mm 

1 

1 

(Running Test) 


0 

0 

0 

0 

0 

Reset test flops. 


1 

0 

0 

0 

0 

Start functional testing of array core with APLL inactive. 

$% 

1 

0 

0 

0 

0 

(Running Test) 

g O 

1 

1 

0 

0 

0 

IDD vector (at Motorola only) 

1 

1 

0 

0 

0 

0 

(Running Test) 


1 

0 

0 

0 

0 

(Running Test) 


0 

0 

0 

0 

0 

Customer board simulation with APLL active. 


* User can only simulate states in which ENID is low/inactive. 


AN1522 


MOTOROLA 
















































Appendix B: Transfer Functions 

The APLL is a classical second order control system. Its 
transfer functions are: 

Phase Detector Transfer Function: 

Kp = lp/27c 

where Ip is the charge pump current. 

Filter Transfer Function: 

Kf = R + 1/sC 

where R is the loop resistor and C is the loop capacitor. 
VCO Transfer Function: 

Ko = Kv/s 

where Ky is the gain of the VCO in the linear region. 

Open Loop Transfer Function: 

G(s) = Kp(Kj)(Ko)/N 

where N is the value of the divider in the feedback path. 

Closed Loop Transfer Function: 

H(s) = G(s)/(1 + Gfs)) 

H(s) = 2^a)nS + (On^/(s^ + 2?C0nS + cOp^) 
where ©„ = (Kvlp/27cCN)‘’^^ 

Damping factor = C = RCcOn/2 

Typical values for the loop parameters are given in Table 
B.1. 

Table B.1 Typical Loop Parameter Values 


Parameter 

3.3 V 

5V 

Ip(^iA) 

70 

100 

l<o(MHz/V) 

150 

200 

R (Ohm) 

Nr:1-4 

2100 

1400 

N = 5-16 

4200 

2500 

|C(pF) 

50 

50 


From these typical values and the closed loop transfer 
function, the user can determine the characteristics of the 
loop and generate Bode Plots, if desired. 


Appendix C: VCO Frequency vs. Voltage 

Select a VCO frequency in the middle of the linear region 
of Figure C.1 to optimize damping. 

Example: Using a 5V APLL, if the desired clock tree fre¬ 
quency (CLK) Is 50 MHz (see Figure 5) and FREF is 25 MHz, 
select 7M” = 2 and 7L” = 2. This gives CLK = 50 MHz, 
VCO_DIV2 = 100 MHz and VCO = 200 MHz which is in linear 
region of Figure C.1. 


Table C.1 Minimum Operating Frequency 


Divide 

Factor, 

N 

3.3 V 

__1 

Filter 

Resiater, 

R 

Damp- 

ing,C 

^pdmin 

(MHz) 

Filter 

Resister, 

R 

Damp¬ 
ing, ; 

^pdmln 

(MHz) 

1 

2100 

0.76 

66 

1400 

0.70 

84 

2 

2100 

0.54 

33 

1400 

0.49 

42 

3 

2100 

0.44 

22 

1400 

0.40 

28 

4 

2100 

0.38 

17 

1400 

0.35 

21 

5 

4200 

0.68 

26 

2800 

0.63 

34 

6 

4200 

0.62 

22 

2800 

0.57 

28 

7 

4200 

0.58 

19 

2800 

0.53 

24 

8 

4200 

0.54 

17 

2800 

0.49 

21 

9 

4200 

0.51 

15 

2800 

0.47 

19 

10 

4200 

0.48 

13 

2800 

0.44 

17 

11 

4200 

0.46 

12 

2800 

0.42 

15 

12 

4200 

0.44 

11 

2800 

0.40 

14 

13 

1 

4200 

0.42 

10 

2800 

0.39 

13 


4200 

0.41 

9 

2800 

0.37 

12 

15 

4200 

0.39 

9 

2800 

0.36 

11 

16 

4200 

0.38 

8 

2800 

0.35 

11 

Notes: 

lp=0.07mA, C=50 pF, 

VCO gain =1.5x10® MHz/V 

lp=0.1mA, C=50 pF, 

VCO gain =2x10® MHzA/ 
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Appendix D: PLL Basics 

(From application note “ASIC Distribution Using a Phase- 
Locked-Loop (PLL)”, AN1509) 

D.1 INTRODUCTION 

Transferring data between ASIC chips at frequencies 
above 40 MHz requires special on-chip circuitry in current 
sub-micron technologies. Phase locked loops can provide 
skew management in ASIC devices to help compensate for 
clock tree Insertion delays and process, temperature and volt¬ 
age variations allowing maximum multi-chip system perfor¬ 
mance. 

This application note is written to help designers of multi¬ 
chip ASIC systems maximize system performance by man¬ 
aging clock distribution and optimizing clock skew and data 
path relationships. It contains equations relating measurable 
timing and skew parameters to maximum frequencies of op¬ 
eration. It explains techniques available to minimize critical 
parameters which contribute to clock skew. 

D.2 BACKGROUND 

D.2.1 REGISTER-TO-REGISTER DATA TRANSFER 
BETWEEN ASIC CHIPS 

When determining the maximum frequency at which data 
can be transferred from one ASIC device to another, a de¬ 
signer must carefully consider both the delay of the data path 
and the skew of the clock. The data path Is the delay from a 
register In the sending ASIC (including clock to Q) to the D in¬ 
put of a register In the receiving ASIC (including the setup and 
hold times), see Figure D.1. The clock skew or Tskew is the 
difference between a rising edge on ClkA In ASIC1 and ClkB 
In ASIC2. 


ASIC1 ASC2 



Figure D.1 Chip-to-Chip Timing Parameters 

Tskew In this document refers to clock skew in both the 
positive and negative directions. Positive skew Is when the 
rising edge of ClkB occurs later than a rising edge of ClkA. 
Positive skew affects data transfer from a hold time stand¬ 
point. Negative skew is when the rising edge of ClkB occurs 
earlier than a rising edge on ClkA. Negative skew affects data 
transfer from a setup time standpoint. A complete analysis of 
clock skew is performed In Appendix E. 

D.2.2 SETUP AND HOLD TIME CONSIDERATIONS 

To Insure error-free data transitions between ASIC1 and 


ASIC2, the data path from the sending flip- flop In ASIC1 to 
the receiving flip flop in ASIC2 must not be so long that a set¬ 
up time violation Is realized on the receiving flop- flop. The 
same data path must also be long enough to avoid a hold¬ 
time violation on the receiving flip-flop. This setup and hold 
time relationship must take Into consideration clock skew be¬ 
tween the rising edge of ClkA, which initiates the data transfer 
and the rising edge of ClkB which clocks in the transferred da¬ 
ta. 

D.2.3 INSERTION DELAY AND THE EFFECT OF 
THE CLOCK TREE 

Insertion delay is defined as the delay from the rising edge 
of the external system clock to the rising edge of the clock on 
any given flip- flop on the ASIC. In Figure D.2, It’s the delay 
from SYSCK to ClkA or ClkB. Insertion delay Is made up of 
the clock input buffer and clock tree delays. The insertion de¬ 
lay in one ASIC can be very different from the Insertion delay 
in another ASIC, depending on the size of the ASIC and the 
number of elements that must be clocked by the clock tree. 
Differences In insertion delays between ASIC devices direct¬ 
ly contribute to clock skew (Tskew). In the example circuit 
(Figure D.2), If ASIC1 has an Insertion delay of 5 ns and 
ASIC2 an Insertion delay of 10 ns, then a rising edge In ASIC 
1 will be skewed by at least 5 ns from a rising edge in ASIC 
2 . 

D.2.4 PTV VARIATIONS 

Process, Temperature and Voltage (PTV) variations can 
increase the difference In insertion delays. Most ASIC tech¬ 
nologies use a multiplier to adjust delays due to PTV. In the 
H4C technology, a worst-case multiplier (WCM) and a best- 
case multiplier (BCM) are used. The WCM modifies a typical 
delay to represent worst-case conditions. The WCM is great¬ 
er than one. The BCM Is less than one and modifies a typical 
delay to represent a best-case condition. The “process 
spread” is the difference between a best-case delay and a 
worst-case delay for a given data path. The process spread 
can be found by dividing the WCM by the BCM (WCM/BCM). 
Choosing a technology with a minimum process spread will 
allow higher overall performance. 

D.2.5 MAXIMUM FREQUENCY OF OPERATION 

An equation can be derived that relates setup and hold 
times, insertion delay and process spread to determine the 
maximum frequency at which data can be safely transferred 
from chIp-to-chip. A full derivation of this equation is provided 
in Appendix E. The equation in terms of the minimum period 
is, 

MInPer = Tskew (WCM/BCM + 1) + WCM (Tsu -f- Th + 

TDm) (D.1) 

where, 

MinPer Minimum clock period in ns (1/max frequency of 
operation). 

Tskew Total skew (positive and/or negative) between 
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rising edges of ClkA and ClkB (see Figure D.2). 
WCM Worst Case Multiplier. 

BCM Best Case Multiplier. 

Tsu Setup delay of flip flop In receiving ASIC (ASIC2 

in Figure D.2). 

Th Hold delay of flip flop In receiving ASIC (ASIC2 

In Figure D.2). 

TDm Data path delay margin 

Two things become apparent In looking at Equation (D.1). 
First, Tskew is the dominant parameter affecting the maxi¬ 
mum frequency at which data can be transferred between 
ASIC devices. Secondly, the process spread for the chosen 


technology is also very Important. Clearly, Tskew and the 
process spread must be minimized to allow maximum perfor¬ 
mance. 

To address the problem of clock skew, a Phase Locked 
Loop (PLL) can be added to each ASIC device to reduce the 
effects of insertion delay differences and help manage the 
skew from chip-to-chip. The PLL will synchronize the rising 
edge on SYSCK such that it will be simultaneous with a rising 
edge on flop ck, see Figure D.3. If the PLL is used on each 
ASIC device, all flop ck signals on every ASIC will be simulta¬ 
neous within the error of the PLL. The PLL will compensate 
for differences In insertion delays from ASIC-to-ASIC as well 
as PTV variations. 


SYSCK 



SYSCK . 
flopclkASCI (Clk/O 


flop clkASIC2(ClkB)- 


j- 


1 


j" 




re' 


.Insertion delayASICI 
Insertbn delay ASIC2 
Tskew between ASIC1 and AS1C2 


Figure D.2 Effect of Clock Tree on 


SYSCK 



Figure D.3 PLL Solution 
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Appendix E: Derivation of Minimum Period Equa¬ 
tion 

(From application note “ASIC Distribution Using a Phase- 
Locked-Loop (PLL)”, AN1509) 

This section contains a derivation of the equation that re¬ 
lates clock skew, process spread, and flip-flop specifications 
to determine the minimum period or maximum frequency at 
which data can be transferred between ASIC devices. Figure 
E.1 illustrates the data and clock paths between two ASIC’s. 
If data is to be transferred reliably from ASIC1 to ASIC2, the 
set up and hold time requirements of the receiving flip flop in 
ASIC2 must be satisfied in the presence of clock skew and 
process spread. First, we will analyze the setup and hold 
time requirements of the receiving flip flop. This Is similar to 
the classic shift register problem where clock skew can cause 
setup or hold problems on the receiving flip flop. 

The data delay path from ASIC1 to ASIC2 includes 1) the 
delay from a rising edge of ClkA to the output of ASIC1 - TD- 
out, 2) the delay of the PC board trace - TDbrd and 3) the 
delay of the input path of ASIC2 - TDin. The setup and hold 
time parameters of the receiving flip flop Tsu and Th must 
also be considered. The total data path delay is, 

TD = TDout + TDbrd + TDin (E.1) 

When considering the setup time requirements of ASIC2, 


the worst case path from ASIC1 to ASIC2 must be consid¬ 
ered. The minimum period at which data can be safely trans¬ 
ferred in the presence of clock skew without violating the 
setup requirements of the receiving flip flop Is, 

MinPer = WCM(TD + Tsu) + Tskew (E.2) 

Note that typical delay values are used in these equations. 
These values are modified for best case and worst case by 
the multipliers BCM and WCM respectively. Additionally, the 
worst- case path assumes the edge direction, rising or falling 
that results In the longest delay. 

Figure E.2 illustrates the setup time requirement. The 
dashed lines on CikB represent clock skew. 

When considering the hold- time requirements of ASIC2, 
the best-case path must be considered. The best-case path 
assumes the edge direction, rising or falling that results in the 
shortest delay. The equation relating the data path, hold time 
and Tskew is, 

BCM(TD) > Tskew + BCM(Th) (E.3) 

We now have two equations relating the data path. To find 
the minimum period, first consider the ideal case, then gener¬ 
alize it. Ideally, assume the data path delay TD is just long 
enough to prevent a hold-time violation, or the best-case dat- 
adelay is equal to the hold time plus the clock skew. 
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BCM(TD)=Tskew+BCM(Th) (E.4) 

If true, we could solve this equation for TD and put that val¬ 
ue into the setup time equation, 

TD = (Tskew+BCM(Th))/BCM (E.5) 

MinPer = WCM( ((Tskew+BCM(Th))/BCM) + Tsu) + 

Tskew (E.6) 

Notice that Tskew appears twice in this equation. Skew in 
the positive direction affects hold time and skew in the nega¬ 
tive direction affects the setup time. Generally, we don’t 
know if the clock skew is in the positive or negative direction 
so we consider it twice. 

Figure E.4 illustrates this equation. The minimum period 
is found by taking the best-case data path delay that is just 
long enough to prevent a hold-time violation in the presence 
of clock skew, BCM(TD), multiply that delay by the worst- 
case multiplier WCM(TD), and add to that the worst-case set¬ 
up time and the clock skew. 


ClkA 



Figure E.3 Clock Skew and Hold Time Requirements 

Equation (E.5) can be reduced to become very close to 
our final equation, 

MinPer = WCM (Tskew/BCM + Th + Tsu) + Tskew 
MinPer = WCM/BCM (Tskew) +WCM(Th +Tsu) + Tskew 
combining the Tskew terms. 


MinPer = Tskew (WCM/BCM+1) + WCM(Tsu+Th) (E.7) 

it is unrealistic to assume all data paths can be tuned to be 
just long enough to prevent a hold-time violation. We should 
therefore introduce some margin in the data path. Generally, 
this margin would be defined by the shortest chip-to-chip data 
path delay on one end of the spectrum and the longest chip- 
to-chip data path delay on the other end. This assumes, of 
course, that these paths are long enough or short enough to 
prevent hold time or setup time violations respectively. When 
designing shift registers from discrete components, it is com¬ 
mon to add delay to the data path to insure there is not a hold 
time violation in the presence of clock skew. If the maximum 
frequency of a system is limited by the data path delay from 
chip-to-chip (see Equation (E.2)) it may be necessary to add 
delay to shorter data paths to prevent hold times. There 
should always be a 1-2 ns margin (typical delays) between 
the shortest data path and the longest data path to allow room 
for variation in delay as the paths are tuned to prevent viola¬ 
tions. If this margin TDm is added, a new equation and timing 
diagram result. From Equation (E.5) we add the margin TDm 
to the typical data delay TD, 

TD = ((Tskew+BCM(Th))/BCM) + TDm (E.8) 

The minimum period is, 

MinPer=WCM((((Tskew+BCM(Th))/BCM)+TDm)+Tsu) 

+Tskew 

MinPer = WCM( Tskew/BCM + Th +TDm + Tsu) + Tskew 

MlnPer=:WCM/BCM(Tskew)+WCM(Th+TDm)+Tsu) 

+Tskew 

MinPer=Tskew (WCM/BCM +1)+WCM (Tsu+Th+TDm) (E.9) 

Note that If the period of operation is larger than the mini¬ 
mum defined above, the data path margin TDm will be larger 
and there will be more room for data path tuning. 
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Outputs 

3-state 3-1 
open-drain 3-1 
Standard CMOS 3-1 
Standard TTL 3-1 
OVDD 

additional 3-13 
OVSS 

additional 3-13 
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OVSSL 3-16 
OVSSP 3-16 
OVSSR 3-16 

P 

Pad Pitch 10-3 

Pad-to-Pin Cross-Reference 3-10 

Parallel macro 5-1 

PCI 3-5, 3-6, 3-8, 6-9, 10-3 

Peripheral Component Interconnect 3-5 
PCI Driver 3-9 
PCI Receiver 3-9 

PECL 3-5, 3-6, 3-9, 3-30, 3-32, 6-9, 10-4 
Pseudo ECL 3-5 
PECL Differential APLL 3-32 
PECL Receiver 3-10 
PERIPHERAL MACROS 6-6 
Physical Database 10-3 
Place and Route 1-3 
PLL 2-1 
Poly 10-3 

Positive- edge clock(ed) 
flip-flop(s) 5-1 

Positive Threshold Voltage 8-2 
Positive-going voltage 
Input(s) 9-2 
Post-layout design 2-4 
Post-layout simulations 2-4 
Power 3-11 
DC 3-22 
dissipation 7-23 
Dynamic I/O 3-19 
1/0 3-18 
OVDD3 3-11 
OVDD5 3-11 
Static VO 3-18 
supply voltage 9-1 
System Interconnect VO 3-20 
Power (negative) 

Supply voltage 9-2 
Power (positive) 

Supply voltage 9-1 
Power and Ground 
Bus 3-12 
buses 3-13 
fixed 3-11 
Pins 3-13 

Power Consumption 
internal power 3-17 
metal capacitance load 3-17 
operation frequency 3-17 
output capacitance 3-17 
supply voltage 3-17 


Power Estimation 3-17, 3-19 
Power-Bus Router 1-3 
PrediX 1-3, 2-2 
PrediX™ 2-1 
Pre-layout design 2-2 
Pre-Layout Simulation 2-4 
Pre-Layout Timing Analysis 2-4 
Bimary Cell 1-2,10-4 
Propagation Delay 10-3 
HIGH-TO-LOW 9-2 
LOW-TO-HIGH 9-2 
Pull-down resistors 3-2 
Pull-down/-up 5-2 
Resistor(s) 5-2 
Pull-up resistors 3-2 
Pulse Width 
HIGH 9-5 
LOW 9-5 
Pulse(s) 

Clock 9-5 

Q 

QFP 10-4 

QUAD Port RAM 6-5 
QUICKPATH 2-1 
QUICKSIMII2-2 
QuickSim II2-1 
QUICKSIM IF^ 2-1 

R 

RAM Power 3-18 

RC parasitics, OACS Design Flow 2-4 
RDC 

Regional Design Centers 2-4 
RECOMMENDED OPERATING CONDITIONS 8-1 
Recovery Time 9-5, 10-4 
Regional Design Centers (RDCs) 2-4 
Resistor(s) 

pull-down/-up 5-2 
RESISTORS 6-8 
Rise Time 10-4 
Rise/fall time(s) 

Input(s) 9-3 
Routability 1-3 
routability analysis 1-3 
Routing 1-3 
Rule checking 2-1 

s 

ScanDesign 10-4 
Scan Pins 10-4 
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Scan-Design 10-4 
Schematic captur 2-1 
Schematic Capture 10-4 
Schmitt Trigger(s 5-2 
Schmitt trigger(s) 5-1 
switching levels 5-2 
Schmitt trigger(s) switching 5-2 
Sea-of-Gates 10-4 
Setup Time 9-5, 10-4 
Signal and time delay 
Output(s) 9-2 
Signal(s) 

Clock 9-5 
Simulator 2-1 

Simultaneously Switching 3-13 

Single-Port RAM 6-5 

Sink/ source 5-2 

Skew 10-4 

Slew Rate 3-3 

Slew rate control 3-3 

SSO 3-14 

Simultaneously Switching Outputs 3-13 
SSO Noise 3-14 
Static I/O Power 
CMOS 3-18 
PCI 3-18 
TTL3-18 

Static Timing Analysis 2-4 
Static timing analysis 2-1 

Static timing analysis, Open Architecture CAD 2-1 
Storage Temperature 8-1 
Supply Power 
VDD 3-11 
VSS 3-11 

Supply voltage 3-17 
power (negative) 9-2 
power (positive) 9-1 
Supply voltages 

3.3 V or 5.0 V 3-1 
Switching 

Schmitt trigger, level(s) 5-2 
SYNOPSYS 2-2 
System Interconnect 
CMTL I/O’s 3-1 
GTL I/O’s 3-1 
PCI I/O’s 3-1 
PECL inputs 3-1 

System interconnect macros 3-15 
reference voltage 3-15 

T 

tAA 

Address Access Time 9-5 


Defmition(s) 9-5 

tAH 

Address Hold Time 9-6 
Definition(s) 9-5 
TAP 

Test Access Port 3-33 
TAP Controller 3-34 
TAP controller 3-33 
tAWB 

Address to Write Enable Setup Time 9-5 
Defmition(s) 9-5 
tDDO 

Data In to Data Out 9-6 
Definition(s) 9-5 

tDH 

Data In Hold Time 9-6, 9-7 
Definition(s) 9-5 
tDOl 

Definition(s) 9-5 
tDSU 

Data In Setup Time 9-6 
Definition(s) 9-5 
Terminology 

Glossary of Terms 10-1 

Test 

Test Vectors 10-4 
Test Access Port 3-33 
Test circuit 
3-state 9-3 
Test Compiler™ 2-1 
Test pattern generation 
automatic 2-1 
Test Setup Procedures 9-3 
Test vector 
analysis 2-1 
processing 2-1 
Test Vector Processing 2-4 
Test Vectors 10-4 
Testability 2-1 
TestPAS 2-2 
TestPAS™ 2-1 
TestPass, OACS Features 2-1 
Time, enable/disable 
Output(s) 9-3 
Timing calculation 2-1 
TLM 

Triple-Layer Metal 1-3 
tLPA 

Definition(s) 9-5 
tLPO 

Definition(s) 9-5 
tLPW 

Defmition(s) 9-5 
TMS 
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Test Mode Select 3-33 

tOH 

Defmition(s) 9-5 
Output Hold Time 9-5 
tPLH/tPHL 9-3 
tr/tf9-3 
Translation 2-1 
tree 

Defmition(s) 9-3 
Triple-Layer Metal 1-3 
tsu/th 

Definition(s) 9-3 
TTL Inputs 8-2 
TTL Schmitt Trigger 8-2 
Turnkey 10-4 
tw(H)/tw(L) 

Definition(s) 9-3 
tWDO 

Definition(s) 9-5 

Write Enable Assertion to Data Out 9-6 

tWP 

Definition(s) 9-5 
Write Enable Pulse Width 9-6 
Typical Power 
Dissipation 1-2 


u 

unc 10-4 
UTIC Language 10-4 
Utilization 1-3 

V 

VDD 

additional 3-13 
Verilog 3-36 
VerilogXL™ 2-1 
Veritime™ 2-1 
Via 10-4 
Voltage 

Input(s) High 9-2 
power supply 9-1 

VSS 

additional 3-13 

w 

Waveform 

Difmition 9-7 
Wirebond 10-4 

Write Enable Assertion to Data Out 
Memories 9-6 
Write Enable Pulse Width 
Memories 9-6 
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Illinois, Chicago (708) 490-9500 
Massachusetts, Marlborough (508) 481-8100 

ASIC Regional Design Centers - International 

European Headquarters, Germany, Munich (089) 92103-0 
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France, Velizy (01) 34635900 
Holland, Eindhoven (04998) 61211 
Hong Kong, Silicon Harbour Center, Tai Po (852) 666-8333 
Italy Milan (02) 82201 
Japan, Tokyo (03) 440-3311 
Sweden, Stockholm (08) 734-8800 
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